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PREFACE 

A high technology company with an aggresive approach to innovation, OKI has been 
supplying single-chip microcontrollers since 1975. OKI's single-chip microcontrollers 
find wide application in various types of electronic equipment in the consumer and the 
industrial fields. Our products have been enjoying a good reputation for their high 
quality and high performance. The most outstanding feature employed in all of OKI's 
microcontrollers is CMOS technology which ensures low power operation. 
OKI will continue to enhance the its microcontroller series and program development 
systems to cater to cutomers' requirements. 



OKI makes no warranty for the use of its products and assumes no 

responsibility for any errors which may appear in this document nor 

does it make a commitment to update the information contained 

herein. 

OKI retains the right to make changes to these specifications at 

any time, without notice. 
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PROGRAM DEVELOPMENT 

SYSTEMS 




PROGRAM DEVELOPMENT SYSTEMS FOR 
OKI MICROCONTROLLERS 



i^ 



OLMS-40 SERIES 



target chip 


development tool 
package name 


standard software 
(included in package) 


adaptor module 
(if necessary) 


field debugging 
tool 


iVISM5840 


EASE 40 

(SERIAL INTERFACE) 

(BUS INTERFACE) 


DB400 debugger 
ASM40 cross assembler 


- 




MSiVI5842 




MSM58421 


MPB421 


MPB202 


MSM58422 


MPB422 




MSM5847 


dedicated hardware 
simulator 


- 





[Note] 

1 . The standard software DB400 and ASM40 are avalable on CP/M-80 for most of personal computers, or ISIS-II for 

INTEL MOS. 
* CP/M is a registered trade mark of Digital Research, and ISIS-II, MDS of Intel. 

LOW POWER SERIES 



target chip 


development tool package name 


standard software 


MSM5052 


EASE5052/56 


EASE 

host 

monitor 




MSM5056 


AMS50 


MSM5054 


EASE5054/55 


cross assembler 


MSM5055 




MSM6051 


(EASE6051) 


ASM6351 


MSM6361 


(EASE6351/6353) 


ASM6351 


MSM6353 


ASM6353 


MSM6052 


EASE6052, (EASE6352/6052) 


ASM50 


MSM6352 


(EASE6352/6052) 


ASM6352 



[Note] 

1 . The standard software is avilable under following operating system. 

CP/M-80 for most of personal computers 

MSDOS for OKI if 800, NEC PC9801 etc. 

PCDOS for IBM PC-XT, AT, IBM 5550 




• PROGRAM DEVELOPMENT SYSTEMS •- 



OLMS-64 SERIES 



target chip 


development tool 
package name 


I/O adaptor 
module 


standard software 
(included in package) 


field debugging 
tool 


Piggy back 


MSM6408 


EASE6400 


- 


EASE 

host 

monitor 


ASM6408 
ASM6404 






MSM6404 


MSM6404VS 


IVISM6402 




IV!SM6422 


PAM6422 


PEM6422 




IVISM6411 


PAM6411 


PEM641 1 




MSM6442 


(PAM6442) 


(PEM6442) 




IV1SM6431 


PAM6431 


PEM6431 




MSC6458 


EASE6468 


- 


ASM6458 


- 


MSC6458VS 



[Note] The standard software is available under following operating system. 
EASE, ASM6400 . . . CP/M-80 for most of personal computers, 

MSDOS for OKI if800, NED PC9801 etc. 

PCDOS for IBM PC-XT, AT, IBM 5550 
ASM6408, 
ASM6458 CP/M-80 for most of personal computers 



OLMS-65 SERIES 



target chip 


development tool 
package name 


standard software 
(included in package) 


field debugging tool 


MSM6502/6512 


EASE6502 


EASE65 
ASM6502 


MPB6502EVA 



[Note] The standard software is available under CP/M-80, MSDOS, or PCDOS. 
8 BIT SERIES (INTEL compatible) 



target chip 


development tool 


standard software 


optional software 


piggy back 


MSM80C48 


EASE80C49 


EASE49 
ASM49 


- 




MSM80C49 


- 


MSM80C50 




MSM80C51 


EASE80C51mKII 


EASE 
ASM51 


See Note 1. 


MSM80C51VS 


MSM83C154 


MSM85C1 54VS 



[Note] 

1. Optional Software for MSM80C51/83C1 54 

PASM preprocessor, MAC51 relocatable assembler, RL51 object linker, LIB51 librarian SID51 symbolic debugger 

2. The softwares are available under following operating system. 

EASE49 CP/M-80, ISIS-II 

ASM49 CP/M-80, ISIS-II 

EASE&ASM51 CP/M-80 for OKI if 800, NEC PC8801 etc. 

MSDOS for OKI if800, NEC PC9801 etc. 

PCDOS for IBM PC-XT, AT, IBM 5550 

PASM,MAC51,RL51,LIB51 MSDOS for OKI if80, NEC PC9801 etc. 

SfD51 PCDOS for IBM PC-XT, AT, IBM 5550 



• PROGRAM DEVELOPMENT SYSTEMS • 



8 BIT SERIES (OKI original) 




target chip 


development tool 
package name 


standard software 
(included in package) 


optional software 


MSM66301 


EASE6630r 


ASM66301 
EASE 


See Note 1 . 


MSM62580 


EASE6258P* 


ASM62580 
EASE 





* underdevelopment 

[Note! 

1 . Optional Software for MSM66301 
c-compiler (VMS for uVAX-ll) 
relocatable assembler (VMS) 
object linker and librarian (VMS) 
cc66debuger(VMS) 
symbolic debugger (VMS) 



* underdevelopment 




LINE-UP AND TYPICAL 
CHARACTERISTICS 



• OLMS-40 SERIES 



TYPE NO. 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 


PACKAGE 


REMARKS 




ACTIVE 


STAND-BY 




MSM5840 


CMOS 


5V 


4.2MHz 


2048x8 


128x4 


6 


16 


8 


8 Bit R/W 


2 


4 


98 


7.6/iS 


1.6mA 


- 


42DIP/44FLAT 




MSM5842 


CMOS 


5V 


4.2MHz 


768x8 


32x4 


5 


8 


8 


8 Bit 


- 


1 


52 


7.611S 


1.5mA 


- 


28DIP/32FLAT 




MSM58421 


CMOS 


5V 


4.2MHz 


1536x8 


40x4 


5 


35LCD Seg. 

5LCD Seg. or LOGIC 


8 


12 Bit 


- 


1 


52 


7.6mS 


2.0mA 


- 


60FLAT 




MSM58422 


CMOS 


5V 


4.2MHz 


1 536 X 8 


40x4 


5 


7 X 5 FLT Seg. 
5 Discreate 


8 


12 Bit 


- 


1 


52 


7.6/iS 


2.0mA 


- 


60FLAT 




MSM5847 


CMOS 


3V 


32kHz 


1536x8 


96x4 


- 


24 X 3LCD Seg. 


7 


13 Bit 


- 


2 


43 


610,iS 


50/xA 


- 


44FLAT/CHIP 





• OLMS-50/60 SERIES 



TYPE NO. 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 


PACKAGE 


REMARKS 




ACTIVE 


STAND-BY 




MSM5052 


CMOS 


1.5V 


32kHz 


1280x14 


62x4 


8 


26 X 2LCD Seg. 
5 LOGIC 


- 


- 


- 


- 


42 


122/tS 


3/*A 


- 


CHIP 


Built-in temper- 
ature detector 


MSM5054 


CMOS 


1.5V/3V 


32kHz 


1024x14 


62x4 


6 


44 X 2LCD Seg. 
4 LOGIC 


- 


- 


- 


- 


40 


122,iS 


3mA 


- 


CHIP 




MSM5055 


CMOS 


1.5V/3V 


32kHz 


1792x14 


96x4 


8 


60x2LCDSeg. 
4 LOGIC 


- 


- 


- 


- 


42 


122/tS 


3mA 


- 


CHIP 




MSM5056 


CMOS 


1.5V 


32kHz 


1792x14 


90x4 


4 


38 X 2LCD Seg. 
4 LOGIC 


- 


- 


- 


- 


42 


122,tS 


3^A 


- 


CHIP 


Connection with 
solar cell available 


MSM6051 


CMOS 


1.5V/3V 


32kHz 


2560x14 


120x4 


9 


63 X 3LCD Seg. 
4 LOGIC 


- 


- 


1 


2 


,59 


91.5aS 


3,tA 


- 


CHIP 




MSM6351 


CMOS 


1.5V/3V 


32kHz 


4096 X 1 5 


1024x4 


- 


59 X 3LCD Seg. or 
58 X 4LCD Seg. 


20 


- 


3 


7 


65 


61.0mS 


3;.A 


- 


CHIP/100FLAT 


Under 
development 


MSM6052 


CMOS 


3V 


3.58MHz 


2048x14 


640x4 


12 


12 


4 


4 Bit 


1 


5 


52 


17.9mS 


1.2mA 


0.2^A 


28DIP/40DIP 


Built-in DTMF 


MSM6352 


CMOS 


3V 


3.58MHz 


2048x14 


640x4 


12 


12 


4 


4 Bit 


1 


5 


52 


17.9^S 


1.2mA 


0.2/tA 


28DIP/40DIP 


Built-in DTMF 

under 

development 
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• OLMS-64 SERIES 



TYPE NO. 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 


PACKAGE 


REMARKS 




ACTIVE 


STAND-BY 




MSM6404 


CMOS 


5V 


4.2MHz 


4000 X 8 


256 X 4 


4 


- 


32 


12 Bit 
1 2 Bit R/W 
8 bit R/W 


5 


32 


121 


952nS 


6mA 


VA 


42DIP/44FLAT 




MSM6408 


CMOS 


5V 


4.0MHz 


8000 X 8 


256x4 


4 


- 


32 


12 Bit 
12 Bit R/W 
8 Bit R/W 


5 


32 


121 


, vs 


6mA 


VA 


42DIP/44FLAT 




MSM641 1 


CMOS 


5V 


4.2MHz 


1024x8 


32x4 


4 


- 


8 


- 


2 


8 


63 


952nS 


6mA 


VA 


24DIP/44FLAT 




MSM6422 


CMOS 


5V 


4.2MHz 


2048 X 8 


64x4 


1 


- 


18 


12 Bit 


2 


16 


63 


952nS 


6mA 


VA 


16DIP 




MSM6431 


CMOS 


5V 


4.2MHz 


. 1024x8 


48x4 


4 


1 


10 


10 Bit 


3 


8 


53 


952nS 


6mA 


VA 


24DIP/24FLAT 


Built in A/D 
Converter x 


IVISM6442 


CMOS 


5V 


4.2MHz 


2048 X 8 


128x4 


1 


46x2LCD Seg. 


16 


8 Bit R/W 


4 


16 


76 


952nS 


6mA 


VA 


80FLAT 


Built-in LCD Con- 
troller/Driver 


MSd6458 


Bi-CMOS 


5V 


4.3MHz 


8000 X 8 


512x4 


9 


12x12FLTSeg. 


24 


12 Bit 
16 Bit R/W 
8 Bit R/W 


8 


32 

■ 


147 


930nS 


9mA 


VA 


64 Shrink DIP/ 
, 64 FLAT 


Built-in FLT Con- 
troller/Driver 
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• OLMS-65 SERIES 



TYPE NO. 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 
ACTIVE STAND-BY 


PACKAGE 


REMARKS 


MSM6502 


CMOS 


3V 


32kHz 


2000 X 8 


128x4 


4 


108LCD Seg. 


8 


12 Bit 


3 


32 


68 


91.5^S 


45;iA 


30^A 


44FLAT 




MSM6512 


CMOS 


3V 


32kHz 


2000 X 8 


128x4 


4 


108LCD Seg. 


8 


12 Bit 


3 


32 


68 


91.5mS 


30ixA 


12mA 


44FLAT 





• 8 Bit SERIES (INTEL compatible) 



TYPE NO 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 


PACKAGE 


REMARKS 




ACTIVE 


STAND-BY 




MSM80C35 


CMOS 


5V 


11MHz 


- 


64x8 






24 


8 Bit R/W 


2 


8 




1.36/tS 


10mA 


VA 


40DIP/44FLAT 




MSM80C39 


CMOS 


5V 


11MHz 




128x8 


- 




24 . 


8 Bit R/W 


2 


8 




1.36mS 


10mA 


VA 


40DIP/44FLAT 




MSM80C40 


CMOS 


5V 


6MHz 




256x8 


: 




24 


8 Bit R/W 


2 


8 




2.5mS 


10mA 


ImA 


40DIP/44FLAT 




MSM80C31F 


CMOS 


5V 


16MHz 




128x8 






32 


1 6 Bit R/W X 2 


5 


64 




0.75mS 


20mA 


VA 


40DIP/44FLAT 




MSM80C154 


CMOS 


5V 


16MHz 


- 


256x8 






32 


1 6 Bit R/W X 3 


6 


128 




OJbuS 


20mA 


VA 


40DIP 




MSM80C48 


CMOS 


5V 


11MHz 


1024x8 


64x8 






24 


8 Bit R/W 


2 


8 




1.36,iS 


10mA 


VA 


40DIP/44FLAT 




MSM80C49 


^ CMOS 


5V 


11MHz 


2048 X 8 


128x8 






24 


8 Bit R/W 


2 


8 




1.36mS 


10mA 


VA 


40DIP/44FLAT 




MSM80C50 


CMOS 


5V 


6MHz 


4096 X 8 


256x8 






24 


8 Bit R/W 


2 


8 




2.5mS 


10mA 


VA 


40DIP/44FLAT 




MSIVI80C51F 


CMOS 


5V 


16MHz 


4096 X 8 


128x8 






32 


1 6 Bit R/W X 2 


5 


64 




0.75,/S 


20mA 


VA 


40DIP/44FLAT 




MSM83C154 


CMOS 


5V 


12MHz 


16384x8 


256x8 






32 


1 6 Bit R/W X 3 


6 


128 




VS 


20mA 


VA 


40DIP 
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• 8 BIT SERIES (OKI original) 



TYPE NO. 


PROCESS 


POWER 
SUPPLY 
VOLTAGE 


CLOCK 
FREQUENCY 


ROM 
(BIT) 


RAM 
(BIT) 


INPUT 
PORT 


OUTPUT PORT 


I/O 
PORT 


TIMER 
COUNTER 


INTER- 
RUPT 


STACK 


INSTRUC- 
TION 


MACHINE 
CYCLE 


POWER CONSUMPTION 


PACKAGE 


REMARKS 


ACTIVE 


STAND-BY 


MSM62580 


CMOS 


5V 


4,9MHz 


3072 X 8 


128x8 






1 




- 


32 


95 


860nS 


4mA 


10/iA 


T.B.D 


Fan IC cards 
under develop- • 
ment 


MSM66301 


CMOS 


5V 


10MHz 


16384x8 


512x8 


8 




40 


16 Bit X 4 


17 


256 


99 • 


400nS 


- 




64 Shrink DIP/ 
68 PLCC/ 
64 FLAT 


Under develop- 
ment 

• A/DC 8ch, lObit 

• USART 

• PWM 

• Chapter register 
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• LINE-UP AND TYPICAL CHARACTERISTICS •- 




LOW POWER 



OLMS-65 SERIES 




TYPE NO. 


ROM 
(BYTE) 


RAM 
(NIBBLES) 


POWER 
CONSUMP- 
TION 


LCD SEGMENT 


MSM6502 


2000 X 8 


128 


70/*A 


108 


MSM6512 


2000 X 8 


128 


55/tA 


108 



OLIVIS-50/60 SERIES 



TYPE NO. 


ROM 
(BYTE) 


RAM 
(NIBBLES) 


POWER 
CONSUMP- 
TION 


REMARK 


MSM5052 


1280x14 


62 


3mA 


On-chip Temperature Delection 
Circuit 52 Set LCD Driver 


MSM5054 


1020x14 


62 


3mA 


88 Seg. LCD Driver 


MSM5055 


1792x14 


96 


3,.A 


1 20 Steg. LCD Driver 


MSM5056 


1792x14 


90 


3.A 


Connection with solar 

cell available 

76 Seg. LCD Driver 


MSM6051 


2560x14 


120 


3,iA 


189 Seg. LCD Driver 


MSM6351 


4096 X 1 5 


1024 


3;xA 


232 Seg. LCD Driver 


MSM6052 


2048x14 


640 


1.2mA 


Built-in DTMF 


MSM6352 


2048x14 


640 


1.2mA 


Built-in DTMF 



HIGHSPEED 



OLMS-64 SERIES 






OLMS-40 SERIES 






TYPE NO. 


ROM 
(BYTE) 


RAM 
(NIBBLES) 


MACHINE 
CYCLE 


REMARK 


MSM5840 


2048 X 8 


128 


8/ts 
(4MHz) 


I/O port; 40 


MSM5842 


768x2 


32 


8,iS 
(4MHz) 


I/O port; 21 


MSM58421 


1 536 X 8 


46 


8/is 
(4MHz) 


35 Seg. LCD Driver 


MSM58422 


1 536 X 8 


46 


8/xs 
(4MHz) 


35 Seg. FLT Driver 


MSM5847 


1636x8 


96 


600ms 
(32kHz) 


72 Seg. LCD Driver 



4 BIT 



TYPE NO. 


ROM 
(BYTE) 


RAM 
(NIBBLES) 


MACHINE 
CYCLE 


I/O PORT 


MSM6404 


4000x8 


256 


Vs 
(4MHz) 


36 


MSM6408 


8000 X 8 


256 


Vs 
(4MHz) 


36 


MSM6411 


1024x8 


32 


Vs 
(4MHz) 


12 


MSM6422 


2048 X 8 


64 


3mA 
(4MHz) 


19 


MSM6431 


1024x8 


48 


Vs 
(4MHz) 


14 


MSM6442 


2048 X 8 


128 


(4MHz) 


17 


MSC6458 


8000x8 


512 


(4MHz) 


33 



12 



• LINE-UP AND TYPICAL CHARACTERISTICS • 



HIGH PERFORMANCE 



COMPATIBLE WITH INTEL'S 



8 BIT MICROCONTROLLER 



TYPE NO. 


ROM 
(BYTE) 


RAM 
(BYTE) 


MACHINE 
CYCLE 


MSM80C48 


1024 


64 


1.36/-S 
(1 1 MHz) 


MSM80C49 


2048 


128 


1.36//S 
(1 1 MHz) 


MSM80C50 


4096 


256 


2.5,,s 
(6 MHz) 


MSM80C51F 


4096 


128 


0.75^s 
(16 MHz) 


MSM83C154 


16384 


256 


1/,S 

(12 MHz) 


MSM80C35 


- 


64 


1.36,'S 
(1 1 MHz) 


MSM80C39 


- 


28 


1.36//S 
(11 MHz) 


MSM80C40 


- 


256 


2.5ms 
(6 MHz) 


MSM80C31F 


- 


128 


0.75ms 
(16 MHz) 


MSM80C154 


- 


256 


1/,S 

(12 MHz) 










.» 






8 BIT 
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CODE ENTRY 
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• CODE ENTRY • 



CODE ENTRY 



The program code ENTERING method is outlined below. 



1. USABLE MEDIA 

(1) 2 pieces of same type EPROMs containing identical DATA 

EPROM specification 
-2716 
-2732 

27C32 

27C32A 

2764 

27C64 

27128 
L. 27256 




(2) 1 copy of object machine code list 
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• CODE ENTRY •■ 



2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES 



USER1 




USER 2 



OKI 3 



OKI 4 



m s; 



OKI 5 

K$: 



USER 6 



• Program with OKI development tool 





if 800 



TOOL 



• Prepare 2 pes of EPROM and programming list 




EPROM 



Printout 



• Print out identical EPROM data 




• Engineering Sample 
Actual production sample of your microcontroller 
chip prepared for final approval. 




Volume production of single chip microcontrollers. 




START 

PRODUCT/SYSTEM 

MANUFACTURE 
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PACKAGING 




PACKAGING 





PACKAGE/PIN COUNT 




DIP 


FLAT 


PLCC 


MSM5840 


42 PIN 


44 PIN 


- 


MSM5842 


28 PIN 


32 PIN 


- 


MSM58421 


- 


60 PIN 


- 


MSM58422 


- 


60 PIN 


- 


MSM5847 


- 


44 PIN 


- 


MSM5052 


- 


56 PIN 


- 


MSM5054 


- 


56 PIN 


- 


MSM5055 


- 


80 PIN 


- - 


MSM5056 * 


- 


- 


- 


MSM6051 * 


- 


- 


- 


MSM6351 


- 


100 PIN 


- 


MSM6052 


28/40 PIN 


44 PIN 


- 


MSM6362 


28/40 PIN 


44 PIN 


- 


MSM6404 


42 PIN 


44 PIN 


44 PIN 


MSM6404VS 


42 PIN PIGGY BACK 


- 


- 


MSM6408 


42 PIN 


44 PIN 


44 PIN 


MSM641 1 


16 PIN 


- 


- 


MSM6422 


24 PIN 


24 PIN 


- 


MSM6431 


24 PIN 


24 PIN 


- 


MSM6442 


- 


80 PIN 


- 


MSC6458 


64 PIN SHRINK 


64 PIN 


68 PIN 


MSC6458VS 


64 PIN SHRINK 
PIGGY BACK 


- 


- 




NOTE:* means DIE SALES. 
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a 





PACKAGE/PIN COUNT 




DIP 


FLAT 


PLCC 


MSM6502 


- 


56 PIN(S) 


- 


MSM6512 


- 


56PIN(S) 




MSM62680 


T.B.D. 


TB.D 


TB.D. 


MSM66301 


64 PIN SHRINK 


64 PIN 


68 PIN 

■ 


MSM80C35 


40 PIN 


44 PIN 


44 PIN 


MSM80C39 


40 PIN 


44 PIN 


44 PIN 


MSM80C40 


40 PIN 


44 PIN 


44 PIN 


MSM80C31 


40PIN 


44 PIN 


44PIN 


MSM80C48 


40 PIN 


44 PIN 


44 PIN 


MSM80C49 


40 PIN 


44 PIN 


44 PIN 


MSM80C50 


40 PIN 


44 PIN 


44 PIN 


MSM80C31F 


40 PIN 


44 PIN 


44 PIN 


MSM80C51FVS 


40 PIN PIGGY BACK 




- 


MSM80C51F 


40 PIN 


44 PIN 


44 PIN 


MSM80C154 


40 PIN 


44 PIN 


44 PIN 


MSM83C154 


40 PIN 


44 PIN 


44 PIN 


MSM85C154VS 


40 PIN PIGGY BACK 


- 


- 
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® 
EL 



® 




INDEX MARK 



WXMMWP: 



0.65' 



in 



(Unit: mm) 



7.62-" 



0.6" 



4- 



2.54^ 



0M5° 
0.2 5 \ SEATING PLANE 



• 18 PIN PLASTIC DIP 



24.5'^ 



® 



® 




INDEX MARK 




0.65' 



X5 



2.54=^ 



(Unit: mm) 



7.62-" 




0M5 
.SEATING PLANE 



4- 
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• 24 PIN PLASTIC DIP 
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UUUUUUUUUUU 
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15.24' 




0.6^ 



-It 



SEATING PLANE 
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0.6^ 
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, SEATING PLANE 
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• 40 PIN PLASTIC DIP 



52.8' 



irnry.nnnn nnnnmrnn 



® 



I I— II— ILJLJLJ!— ILJI— ll—l LJ 



(Unit: mm) 



INDEX MARK 



15.24^ 




• 42 PIN PLASTIC DIP 




52.8'^ 



n ,, n n n I 



UU>JUUUUUU"UUUL-b' 

@ 
INDEX MARK 



WmwRWW 



0.65'^ 



CO 

o 



(Unit: mm) 




15.24- 



0.6^ 
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4r 
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• 64 PIN SHRINK DIP 




58.0* 



I l-J U" I— 1 LJ L-l L—J 



INDEX MARK 



(Unit: mm) 



19.05- 




0.6' 



it- 



SEATING PLANE 
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(Unit: mm) 



2.2-'' 
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in 



• 32 PIN PLASTIC FLAT 



16.3^ 




2.2^ 



J 



(Unit: mm) 



0-10 



0.1-0.3 



t: 



0.2 
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• 44 PIN PLASTIC FLAT 



14.5^ 



10.5 = 



0-3^!in 0.8*° 




® 
INDEX MARK 



(Unit: mm) 



1.5^ 



O^-IO" 



0.1 --0.3 




0.15 



• 56 PIN PLASTIC FLAT 



14.5- 



10.5- 



0.3*?' 0.65 



® 
INDEX MARK 




(Unit: mm) 



1.5" 




0°- 10° 



-0.3 



0.15 
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• 60 PIN PLASTIC FLAT 



24.0- 



liniiiiiiiir 



19.0^ 



0.35^ 



1.0^ 



p 



® 
INDEX MARK 



o 
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(Unit: mm) 
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25.0 *« 
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|0.3- 



INDEX MARK 



10.8- 



o 



^5i^ 



(Unit: mm) 



o~icr 
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0.15 
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• 40 PIN PIGGY BACK 
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• 64 PIN SHRINK PIGGY BACK 
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RELIABILITY INFORMATION 




RELIABILITY INFORMATION 



1. INTRODUCTION 

Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater Integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, control 
equipment, calculators, electronic games and In 
many other fields has Increased at a fast rate. 
A failure in electronic banking or telephone 
switching equipment, for example, could have far 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 
We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur- 
ance system based on the concept of consisten- 
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 



2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 

The quality assurance system employed by Oki can 
be divided into four major stages: device planning, 
developmental prototype, production prototype, and 
mass production. This system is outlined in the fol- 
lowing block diagram (Fig. 1). 

1) Device planning stage 

To manufacture devices that meet market demands 
and satisfy customer needs, we carefully consider 
functional and failure rate requirements, utilization 
form, environment and other conditions. Once we 
determine the proper type, material and structure, 
we check the design and manufacturing techniques, 
and the line processing capacity. Then we prepare 
the development planning and time schedule. 

2) Developmental prototype stage 

We determine circuits, pattern design, process 
settings, assembly techniques and structural re- 
quirements during this stage. At the same time, 
we carry out actual prototype reliability testing. 
Since device quality is largely determined during 
the designing stage, Oki pays careful attention 
to quality confirmation during this stage. 
This is how we do it: 

(1 ) After completion of circuit design (or pattern 
design), personnel from the design, process 
technology, production technology, installa- 
tion technology and reliability departments 
get together for a thorough review to ensure 



design quality and to anticipate problems 
that may occur during mass production. 
Past experience and know-how guide these 
discussions. 

(2) Since many semiconductor memories in- 
volve new concepts and employ high level 
manufacturing technology, the TEG evalua- 
tion test is often used during this stage. 
Note: TEG (Test Element Group) refers to 

the device group designed for stabili- 
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit component element 
used in LSI memories. 

(3) Prototypes are subjected to repeated relia- 
bility and other special evaluation tests. In 
addition, the stability and capacity of the 
manufacturing process are checked. 

3) Production prototype stage 

During this stage, various tests check the relia- 
bility and other special features of the production 
prototype at the mass production factory level. 
After confirming the quality of a device, we pre- 
pare the various standards required for mass 
production, and then start production. Although 
reliability and other special tests performed on 
the production prototype are much the same as 
those performed on the developmental prototype, 
the personnel, facilities and production site 
differ for the two prototypes, necessitating 
repeated confirmation tests. 

4) Mass production 

During the mass production stage, careful 
management of purchased materials, parts and 
facilities used during the manufacturing process, 
measuring equipment, manufacturing conditions 
and environment is necessary to ensure device 
quality first stipulated during the designing 
stages. The manufacturing process (including in- 
spection of the completed device) is followed by 
a lot guarantee inspection to check that the 
specified quality is maintained under conditions 
Identical to those under which a customer would 
actually use the device. This lot guarantee In- 
spection is performed in three different forms as 
shown below. 

(1) Group A tests: appearance, labels, dimen- 

sions and electrical charac- 
teristics Inspection 

(2) Group B tests: check of durability under 

thermal and mechanical envi- 
ronmental stresses, and 
operating life characteristics 

(3) Group C tests: performed periodically to 

check operational life, etc., 
on a long term basis. 
Note: Like the reliability tests, the group B tests 
conform to the following standards. 
MIL-STD-883B, JIS C 7022, EIAJ-IC-1 21 
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Quality Management and Education 



• Quality and Reliability 
Information Analysis 

•Quality Evaluation 

• Failure Analysis 



Quality Control Program + Reliability Program 



Quality Assurance 
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Material 


• Acceptance Inspection 

• Production Process Quality Control 
® Lot Control 

^ Equipment Conditions 
@ In-Process Inspection 
@ Thermal Screening 
® Seal Test 

• Early Removal of Defective Devices 






1 




2nd Sorting 


Production 
Process 
Wafer Process 
& 
Assembly 




' ' 




Outgoing 
Inspection 


















Storage 


1st Sorting 


















Shipping 


Burn-in 
Screening 













• Electrical Test 

• Regular Check of Measuring 
Equipment 



• Group A Test 

• Group B Test 

• Group C Test 



Figure 2 Manufacturing Process 




Devices which pass these lot guarantee inspec- 
tions are stored in a warehouse awaiting ship- 
ment to customers. Standards are also set up for 
handling, storage and transportation during this 
period, thereby ensuring quality prior to delivery. 
Figure 2 shows the manufacturing flow of the 
completed device. 



5) At Oki, all devices are subjected to thorough 
quality checks. If, by chance, a failure does 
occur after delivery to the customer, defective 
devices are processed and the problem rectified 
immediately to minimize the inconvenience to 
the customer in accordance with the following 
flowchart. 



Request for 

technical 

improvement 




Report on 
results of 
investigation 
& improvement 



Report on 
results of 
investigation 
& improvement 



Request for 

manufacturing 

improvement 



Engineering 
Department 



cr-h a 




Figure 3 Failure report process 
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Use Quality 



Transportation Control^ 
Stock Control 
Packaging 





Target Quality 



Reliability Test 
Product Test 
Screening 
Process Control 
In-Process Inspection 
Acceptance Inspection 



Quality and Reliability Information 

Quality Evaluation 

Defective Analysis 

Reliability Engineering 

Quality Management and Education 



1 f 




Q 



Production Quality 



Operation Standard 
Technical Standard 
Quality Standard 
Design Review 
Prototype Review 



Design Quality 




3. EXAMPLE OF RELIABILITY TEST 
RESULTS 

We have outlined the quality assurance system 
and the underlying concepts employed by Oki. 
Now, we will give a few examples of the reliability 
tests performed during the developmental and 
production prototype stages. All reliability tests 
performed by Oki conform to the following stan- 
dards. 

MIL-STD-883B, JIS C 7022, EIAJ-IC-121 



Since these reliability tests must determine per- 
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per- 
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 

By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
improving the manufacturing processes. Some 
of the more common defects in LSI elements and 
their analysis are described on next page. 
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MICROCONTROLLER LIFE TEST RESULTS 





Part name 


MSM80C31/51- 
XXRS 


MSM80C35/39/48/49- 
XXRS 


MSM83C154- 
XXRS 


Referred 
standard 




Funetion 


8 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 


Test 
item 


Test 
eondition 


Sample 
size 
(pes) 


Test 
hours 


Failures 


Sample 
size 
(pes) 


Test 
hours 


Failures 


Sample 
size 
(pes) 


Test 
hours 


Failures 




Operating 
life test 


Ta = 125°C 
Vce = 6V 


88 


2000 
(H) 





88 


2000 
(H) 





88 


2000 
(H) 





MIL- 
STD-883C 
METHOD 

1005 


Temperature 
humidity test 


Ta = 85*»C 
RH = 850/o 
Vee = 6V 


100 


2000 
(H) 





100 


2000 
(H) 





100 


2000 
(H) 


\ 




Temperature 
eyeling test 


-55°C^RT?=^150°C 

(30 min) T (30 min) 

(5 min) 


100 


500 

(cy) 





100 


300 

(cy) 





100 


500 

(cy) 





MIL-STD- 
883C 

METHOD 
1010 


Pressure 
eooker test 


Ta=121°C 

RH = 100% 

2 atm 


50 


200 
(H) 





50 


200 
(H) 







50 


200 
(H) 









X;\ 


Part name 


MSM6404-XXJS 


MSM80C31JS 


Referred 
standard 


\^ 


Funetion 


4 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 


Test 
item 


Test 
eondition 


Sample 
size 
(pes) 


Test 
hours 


Failures 


Sample 
size 
(pes) 


Test 
hours 


Failures 




Operating 
life test 


Ta=125°C 
Vee = 6V 


88 


2000 
(H) 





88 


2000 

(H) 





MIL- 
STD-883C 
METHOD 

1005 


Temperature 
humidity test 


Ta = 85oC 
RH = 850/0 
Vee = 6V 


100 


2000 
(H) 





100 


2000 
(H) 







Temperature 
eyeling test 


-55*»C?^RT?=i150°C 

(30 min) t (30 min) 

(5 min) 


100 


500 

(cy) 





100 


500 

(cy) 





MIL- 
STD-883C 
MEJTHOD 

1010 


Pressure 
eooker test 


Ta = 121°C 

RH = 100% 

2 atm 


50 


200 
(H) 





50 


200 
(H) 
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS 



^ 


^ 


«,^^^^ Part name 


MSM80C31/51- 
XXRS 


MSM80C35/39/48/49- 
XXRS 


MSM83C154- 
XXRS 


Referred 
standard 




\^^ Function 


8 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 




Test 
item 


Test 
condition 


Sample 
size (pes) 


Failures 


Sample 
size (pes) 


Failures 


Sample 
size (pes) 


Failures 




Soldering 
Heat Test 

■ 


260°C 
10 SEC 


22 





22 





22 





MIL- 
STD-883C 
METHOD 

2003 


Temperature 
Cycling Test 

1 


-55°C^RT?:i150«'C 

(30min) (5min) (30min) 

20 cycles 


22 





22 





22 





MIL- 
STD-883C 
METHOD 
1010 


♦ 
Thermal 
Shock 
Test 


lOO-Cf^O^C 

(5min) (5min) 

10 cycles 


22 





22 





22 





MIL- 

STD-883C 

METHOD 

1011 




Lead 
Integrity 


Tensile 


500 g 10 SEC 


11 





11 





11 





MIL- 
STD883C 
METHOD 

2004 


Bending 


250 g 90« BEND 
3 TIMES 


Solderability 


230«C 5 SEC 


22 





22 





22 





MIL 
STD883C 
METHOD 

2003 



^ 


\r^^-^ 


Part name 


MSM6404 
XXJS 


MSM80C31JS 


Referred 
standard 


^^\^ 


Function 


4 BIT ONE CHIP 
MICROCONTROLLER 


8 BIT ONE CHIP 
MICROCONTROLLER 


s 

1- 

I 
E 

c 
o 

> 

c 

UJ 

15 
E 

h- 


Test 
item 


Test 
condition 


Sample 
size (pes) 


Failures 


Sample 
size (pes) 


Failures 




PRE-Bake 


Bake 
(125°C, 6hrs) 


22 





22 







Soldering 
Heat Test 

■ 


Vapor Phase Reflow 

(215±2''C,90+10,-0sec) 

2 times 




Temperature 
Cycling Test 


-55°C^RT?=^150«>C 

(30min) (5min) (30min) 

20 cycles 


MIL- 
STD-883C 
METHOD 

1010 


f" 
Thermal 
Shock 
Test 


lOO^'C^^O^'c 

(5min) (5min) 

10 cycles 


MIL- 

, STD-883C 

METHOD 

1011 


0) 

h- 

1 


Solderability 


OBake (125°C, 24hrs) 
O Immerse into Flux 
O Immerse into Solder 
(215±2»C 10±1sec) 


22 





22 
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4. SEMICONDUCTOR MEMORY 
FAILURES 

The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is described by the curve shown in the 
diagram below. Although semiconductor 
memory failures are similar to those of ordinary 
integrated circuits, the degree of Integration 
(miniaturization), manufacturing complexity and 
other circuit element factors influence their inci- 
dence. 

Semiconductor Element Failure Rate Curve 
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1 ) Surge Qestruction 

This is destruction of the input/output stage cir- 
cuits by external surge currents or static elec- 
tricity. The accompanying photograph shows a 
point of contact between aluminum and poly- 
silicon that has been dissolved by a surge cur- 
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re- 
turned to the manufacturer. Despite miniaturiza- 
tion of semiconductor memory component ele- 
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec- 
tricity intensity tests (under simulated operation- 



al conditions) In the development stage to 
reduce this type of failure. In addition to checking 
endurance against surge currents, special pro- 
tective circuits are incorporated In the input and 
output sections. 



Aluminum / 
wire ^— 


Al 
/^_ / 1 ^'^^ Input section 

t Poly Si 
Destruction 
position 



2) Oxide Film insulation Destruction (Pin Holes) 

Unlike surge destruction, this kind of failure is 
caused by manufacturing defects. Local wea- 
kened sections are ruptured when subjected to 
external electrical stress. Although this problem 
is accentuated by the miniaturization of circuit 
elements, (t can be resolved by maintaining an 
ultra-clean manufacturing environment and 
through 1 00% burn-in screening. 

3) Surface Deterioration due to Ionic Impurities 

Under some temperature and electric field condi- 
tions, charged ionic Impurities moving within the 
oxide film previously resulted in occasional dete- 
rioration of silicon surfaces. This problem has 
been eliminated by new surface stabilization 
techniques. 

4) Photolithograpliic Defects 

Integrated circuits are formed by repeated pho- 
tographic etching processes. Dust and 
scratches on the mask (which corresponds to a 
photographic negative) can cause catastrophic 
defects. At present, component elements have 
been reduced in size to the order of 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in- 
tervention In the process, and unparalleled 
cleanliness, solves this problem. 








Example of surge destruction 



Photolithographic Defect 
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5) Aluminum Corrosion 

Aluminum corrosion is due to electrolytic reac- 
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu- 
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki LSIs permit su- 
perior endurance to even the most severe high 
humidity conditions. 

6) Alpha-Particle Soft Failure 

This problem occurs when devices are highly 
miniaturized, such as in 1 megabit RAMs. The in- 
version of memory cell data by alpha-particle 
generated by radio-active elements like uranium 
and thorium (present In minute quantities, mea- 
sured in ppb) in the ceramic package material 
causes defects. Since failure is only temporary 
and normal operation restored quickly, this is 
referred to as a "soft" failure. At Oki we have 
eliminated the problem by coating the chip sur- 
face of 1 megabit RAMs with a resin which effec- 
tively screens out these alpha-particles. 



Package ceramic 
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7) Degradation in Performance Cliaract eristics 
Due to Hot Electrons 

With increased miniaturization of circuit ele- 
ments, internal electric field strength in the chan- 
nels increases since the applied voltage remains 
the same at 5V. As a result, electrons flowing in 
the channels, as shown in the accompanying dia- 
gram, tend to enter into the oxide film near the 
drain, leading to degradation of performance. Al- 
though previous low-temperature operation tests 
have indicated an Increase of this failure, we 
have confirmed by our low-temperature acceler- 
ation tests, including checks on test element 
groups, that no such problem exists in Oki LSIs. 



Hot electrons 




Characteristic deterioration caused 
by hot electrons 



With further progress in the miniaturization of cir- 
cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
Increased. To eliminate these defects during 
manufacturing, Oki has been continually improv- 
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn- 
in screening for 48 to 96 hours to ensure even 
greater reliability. 
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OLMS-40 SERIES 



^JI^I serrtlconcluctor 
MSM5840 

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM5840 microcontroller is a low-power, high-performance single chip device imple- 
mented In complementary metal oxide semiconductor technology. Integrated within this one chip are 
16K bits of mask program ROM, 512 bits of data RAM, 30 Input/Output lines, a programmable 
timer/counter, and oscillator. Program memory is byte wide and data-paths are organized in 4 bit nib- 
bles. RAM and I/O lines are bit addressable. Up to 4K of external ROM interfaces to the 8 bit bidirec- 
tional bus. 98 instructions include binary, BCD, logical operations; bit set, reset, test, 8 bit I/O; relative 
jumps; multifunctional instructions (increment, modify, skip); 8 bit wide table output; subroutine call 
and return. 94% of instructions are single byte, single cycle operations. 

FEATURES 



• Low Power Consumption - 8mW Typical 

• 1 00% Static Logic - 50/xW Standby, Typical 

• 2KX 8 Internal ROM 

• Up to 4K X 8 External ROM 

• 128 X 4 Internal RAM 

• 30 I/O Lines Incl. 8 Bit Data Bus 

• Programmable 8 Bit Timer/Counter 

• Self-contained Oscillator 

• 98 Instructions 



Expandable Memory and I/O 

2 Interrupt Levels 

4 Stack Levels 

Operating Temperature 

-40° to +85°C 

3V to 6V Operating Vqd 

Battery Powered or Battery Backup 

TTL Compatible (with pullups) 

7.6ms Cycle Time @4.2MHz (Vqd 5V± 1 0%) 




FUNCTIONAL BLOCK DIAGRAM 




1 
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STACK3 
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SYNC MODE 
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PIN CONFIGURATION (Top View) 



42 PIN PLASTIC DIP (RS) 


44 Pin Plastic Flat Package 
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PIN DESCRIPTION 



Designation 


Pin No. 


Function 


GND 


21 


Circuit GND potential 


Vdd 


42 


Main power source (+5V) 


OSCo 


10 


Crystal OSC input, external clock input 


OSC1 


9 


Crystal OSC input, external clock output (not TTL compatible) 


PA,PB 


1to4 
38 to 41 


Pseudo-bidirectional ports for 4-bit parallel I/O. Used as a pair for 8-bit I/O. Used 
to output 8 LSBs of address in external ROM mode. Used to read external 
instruction during IF. 


PD, PE, 
PE.PG 


17to20 
23 to 34 


Output ports for 4-bit parallel output and bit set/reset. Specified by internal 
port pointer, Bit position specified by set/reset instruction. PD also used for 
instruction address MSBs In external ROM mode during IF. 


PK 


13to16 


4-blt parallel or bit test Input port (unlatched) 


PH 


36 and 37 


2-bit input port with latched memory (negative level sensitive) 


RESET 


7 


RESET has^priority over every other signal, (see MSM5840 user's manual for 
initialization sequence) 


MODE 


8 


Used to enable external ROM mode during RESET and also to enable STOP mode 
during execution (for stepping program) 


InT 


6 


Negative edge sensitive external interrupt signal associated with El and DI 
instructions. Vectors to location 200H. 


CIN 


35 


Negative edge sensitive external input for counter associated with ECT and DCT 
instructions. Vectors to location 1 0OH. (same as timer) 


SYNC 


5 


General purposesynchronizingsignal output at the beginning of each machine 
cycle. Used for address strobe during external ROM mode. 


RD 


12 


Read strobe pulse occuring when port A or B is read (1 A, 1 B, 1 AB) 


WR 


11 


Write strobe pulse occurring when port A or B is written (OA, OB, OAB, OBS, OTD) 


IF 


22 


Read strobe pulse occurring during an instruction fetch from external ROM. 
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FUNCTIONAL DESCRIPTION 

Program ROM 

The MSM5840 will address up to 4K bytes of 
program ROM and can have 2K bytes of internal 
masked ROM, or all ROM may be located exter- 
nally. External EPROM may be used for program 
development with conversion to internal ROM oc- 
curring after program debug and system check- 
out and verification. All instructions are byte 
wide. Only three of the 98 instructions require 
two bytes of program code. The Instructions are 
routed to a programmed logic array which gener- 
ates the necessary internal control signals. 

Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 1 28 nibbles, 8 nibbles of 
which are dedicated registers accessible directly 
under program control. These are the general 
purpose registers, W, X, Y and Z, and the 4 save 
(exchange) registers, OH, A, L, and AX. All other 
DATA RAM must be addressed Indirectly 
through the DP (data pointer) registers, a seven 
bit pointer (directly accessible by numerous in- 
structions) consisting of 4 bit DPL register and a 
3 bit DPh register. Any nibble of internal data 
RAM can be accessed through the DP registers. 
Some instructions automatically change the con- 
tents of the DP registers allowing efficient array 
processing. 

Input/Output Ports 

PA, PB - These two ports are pseudo- 
bidirectional ports which can be used as simple 
I/O lines or used as either a 4-bit or 8-bit parallel 
bus. An instruction fetches the external ROM 
data through these ports by outputting the 8 low 
order bits of address during SYNC followed by 
an IF (instruction fetch) cycle. In addition, 
synchronized data transfers are possible 
through these ports with the I/O pin signals RD 
and WR associated with certain input/output in- 
structions dedicated to these ports. In short, PA 
and PB can be used as a multiplexed address/ 
instruction/data bus. 

PD, PE, PF, PG - These four output ports are 
addressed indirectly through the TWO BIT port 
pointer whose contents are changed through 
certain instructions. These ports are bit 
(set/reset) addressable. PD is also used for the 
high order bits of address during an external in- 
struction fetch. PF and PG are open drain out- 
puts and PG is set high by a hardware RESET. 

PK is an input port without memory, ad- 
dressable either as a nibble or bit level Input. 

PH is a two-bit input port with memory, which 
can be tested and reset under program control. 

Externa l Inte rrupt 

The INT pin can be tested under program 
control or enabled to cause a vectored interrupt 
to location 200H. It is negative edge sensitive. 



Timer/Counter 

The timer/counter is an 8-bit counter whose 
input is selected under program control to be 
either an external signal (GIN) or an internal 
square wave of 1 /1 28 the frequency of the OSCo 
input (2 MHz/128 = 15.625 kHz). The 
timer/counter can be enabled or disabled under 
program control as can be associated internal in- 
terrupt which vectors to location 100H and has 
higher priority than the external interrupt. 

Stack 

The stack Is an LIFO queue for storing return- 
from-interrupt and return-from-subroutine ad- 
dress Information. It is eleven bits wide and 4 
levels deep. 

Program Counter (PC) 

The program counter is 1 1 bits wide and 
loaded under program control. 

Accumulator 

The accumulator register Is the data path 
focal point of the CPU. Approximately one-half of 
the instructions Involve the accumulator. Its con- 
tents are the source and destination for many 
ALU operations and port operations. CASE state- 
ments (computed GOTOs) are possible by using 
the Jump with Accumulator (JA) instruction. 

Flags 

The MSM5840 is endowed with the following 
set of flags. 
Z - zero flag 



F-all ones 
O - all zeros 
C - carry 
T- timer 

CT - counter 

TM -timer flag 

INT - interrupt 

INTE - interrupt 

enable 
Ho- Ho memory 

Hi 
X 



Indicates that the result 

of the previous operation 

was zero 

Indicates a carry from the 

DPl register 

Indicates a borrow from 

the DPl register 

Indicates a carry from the 

previous operation 

Indicates that the timer/ 

counter is specified as a 

timer 

Indicates that the timer/ 

counter Is specified as a 

counter 

Indicates an overflow of 

the timer/counter register 

Latching memory flag for 

the external interrupt 

Indicates that Interrupts 

have been enabled 

Indicates that an input 

has been detected on the 

Ho input 

same as Ho except Hi 

input 

indicates Internal ROM, 

1 indicates external 
ROM. If all external ROM, 
indicates first bank of 
2K. 
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INSTRUCTION SET 



Mnemonic 


Description 


Instruction Code 


Byte 


Cycle 


■ IVII 1^1 1 1 V/l 1 1 w 


7 


6 


6 4 


3 


2 


1 




CLA 


Clear Accumulator 








1 

















CLL 


Clear DPl 








1 

















CLH 


Clear DPh 





1 


1 

















LAI 


Load Accumulator with Immediate 








1 


l3 


I2 


h lo 








LLI 


Load DPl with Immediate 








1 


l3 


I2 


h lo 








LHI 


Load DPh with Immediate 





1 


1 


b 


I2 


h lo 








L 


Load Accumulator with Memory 


1 





1 
















LM 


Load Accumulator with Memory then Modify DPh 


1 





1 







h lo 








LAL 


Load Accumulator with DPl 





1 


1 







1 






CO 


LLA 


Load DPl with Accumulator 





1 


1 














O 


LAW 


Load Accumulator with W Register 


1 




















1 


LAX 


Load Accumulator with X Register 


1 













1 






tS 


LAY 


Load Accumulator with Y Register 


1 













1 






1 


LAZ 


Load Accumulator with Z Register 


1 













1 1 






W 


SI 


Store Accumulator to Memory then Increment DPl 


1 





1 








Q 






J 


SMI 


Store Accumulator to Memory then Modify DPh 
and Increment DPl 


1 





1 








h lo 








LWA 


Load W Register with Accumulator 


1 























LXA 


Load X Register with Accumulator 


1 














1 








LYA 


Load Y Register with Accumulator 


1 














1 








LZA 


Load Z Register with Accumulator 


1 














1 1 








LPA 


Load Port Pointer with Accumulator 





1 


1 


1 














LTI 


Load Timer with Immediate 




|7 


1 

le 


1 
Is \a 


1 

Is 



I2 



It lo 


2 


2 




RTH 


Read Timer H 





1 


1 


1 





1 








RTL 


Read timer L 





1 


1 


1 





1 1 








XA 


Exchange Accumulator with SaveRegister A 





1 





1 





1 








XL 


Exchange DPl with Save Register L 





1 





1 





1 






c 


XCH 


Exchange DPh and Carry with Save Register CH 





1 





1 












CO 

sz 
o 


X 


Exchange Accumulator with Memory 


1 





1 


1 














XM 


Exchange Accumulator with Memory then Modify 
DPh 


1 





1 


1 





h lo 








XAX 


Exchange Accumulator with Save Register AX 





1 





1 





1 1 






^ 


INA 


Increment Accumulator 
















~0~ 


1 






o 


INL 


Increment DPl 







1 


1 





1 


1 1 






i 


INM 


Increment Memory 







1 


1 


1 


1 


1 






s 


INW 


Increment W Register 


- Skip if Zero 


i 








1 












i 


INX 


Increment X Register 




1 








1 





1 






o 


INY 


Increment Y Register 




1 








1 





1 






c 


INZ 


Increment Z Register 




1 








1 





1 1 
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Mnemonic 




r»£ie 


r>rinti/-kn 


Instruction Code 


Byte 


Cycle 


LrcoV/l ipi.l«^ll 


7 


6 


5 


4 


3 


2 


1 







DCA 


Decrement Accumulator- Skip if Not All Ones 














1 




1 


1 






s 


DCL 


Decrement DP|_ 







1 





1 







1 









1 


DCM 


Decrement Memory 







1 





1 
















Q 


DCW 


Decrement W Register 


^ Skip if All Ones 


1 

























1 


DCX 


Decrement X Register 




1 


















1 








DCY 


Decrement Y Register 




1 















1 









c 


DCZ 


Decrement Z Register ^ 




1 















1 


1 








DCH 


Decrement DPh - Skip if All Ones and C = Zero 










1 






1 


1 








CAO 


Complement Accumulator of One 


"o" 







1 

















« 


AND 


And Accumulator with Memory 




























o 


OR 


Or Accumulator with Memory 





















1 






-J 


EOR 


Exclusive or Accumulator with Memory 


















1 











RAL 


Rotate Accumulator Left through Carry 


















1 


1 








AC 


Add Memory to Accumulator with Carry 













1 
















ACS 


Add Memory to Accumulator with Carry, Skip 
if Carry 













1 







1 








AS 


Add MemorytoAccumulator, Skip if Carry 













1 




1 









O 


AIS 


Add Immediate to Accumulator, Skip if Carry 














l3 


12 


h 


lo 






(U 

E 

x: 


DAS 


Decimal adjust Accumulator in Subtraction 












1 




1 









< 


CM 


Com pare Accumulator with Memory, Skip if Equal 












1 




1 











AWS 


Add WRegistertoAccumulator, Skip if Carry 












1 
















AXS 


Add X Register to Accumulator, Skip if Carry 












1 







1 








AYS 


And Y Register to Accumulator, Skip if Carry 












1 




1 











AZS 


Add Z Register to Accumulator, Skip if Carry 












1 




1 


1 








SPB 


Set Port Bit 

















h 


lo 








RPB 


Reset Port Bit 
















h 


lo 








SMB . 


Set Memory Bit 











1 





h 


lo 








RMB 


Reset Memory Bit 











1 




h 


lo 








TAB 


Test Accumulator Bit^ 




















h 


lo 






1 — 


TMB 


Test Memory Bit 



















h 


lo 






DC 


TKB 


Test K Port Bit 














1 





h 


lo 






1 


THB 


Test H Port Bit 


> Skip if One 












1 







lo 






s 


Tl 


Test Interrupt flag 














1 




1 


1 








TTM 


Test Time flag 














1 




1 











TC 


Test Carry flag 







1 














1 











SC 


Set Carry flag 





1 


























RC 


Reset Carry flag 





1 

















1 
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INSTRUCTION SET (CONT.) 



Mnemonic 


Description 


Instruction Code 


Byte 


Cycle 


7 6 6 4 3 2 10 


0) 
c 

o 


J 

JC 
JA 
CAL 

RT 


Jump 

Jump in Current Page 
Jump with Accumulator 
Call Subroutine 

Return from Subroutine 


1 1 ho l9 8 
It le js U la I2 h io 

1 1 Is U. I3 I2 h Io 

10 11 

11 1 ho I9 8 
I7 ie Is U I3 I2 h Io 

10 11 1 


2 
1 


2 

1 

1 
2 

2 


I 
§ 

3 

a 
c 


OBS 

OTD 

OA 

OB 

OP 

OAB 

OPM 

lA 

IB 

IK 

lAB 


Output Byte String 

Output Table Data 

Output Accumulator to Port A 

Output Accumulator to Port B 

Output Accumulator to Port P designated Port 
Pointer 

Output Memory and Accumulator to Ports A and B 

Output Memory to Port P designated Port Pointer 

Input Port A in Accumulator 

Input Port B in Accumulator 

Input Port K in Accumulator 

Input Ports A and B m Memory and Accumulator 


1110 
1110 1 
1110 10 
1 1 1 1 1 
1110 10 

1110 10 1 
1110 110 
11110 10 
11110 1 1 
oil 1 1 1 00 
111110 1 




2-17 
2 


1 

3 


El 

Dl 

ET 

DT 

ECT 

DCT 

HLT 

EXP 

NOP 


Enable Interrupt 
Disable Interrupt 
Enable Timer 
Disable Timer 
Enable Counter 
Disable Counter 
Halt 

Exchange Program 
No Operation 


10 10 11 
10 10 10 
110 1111 
110 1110 
1111111 
oil 1 1 1 1 
110 110 1 
1 1 1 1 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V| 


Ta = 26°C 


-0.3 to VDD 


V 


Operating Voltage PF PG 


vo 


Ta = 25°C 


-0.3 to 25 


V 


Storage Tern peratu re 


"•"stg 




-55 to +150 


°C 



Note: Stresses abovethose listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the 

device. This is a stress rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

OPERATING CONDITIONS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


@1 MHz 


3to6 


V 


@4.2MHz 


4.5 to 5.5 


V 


Operating Temperature 


Top 




-40 to +85 


°C 


Fan Out 


N 


MOS Load 


15 




TTLLoad 


1 





D.C. CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -20° to +70°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


High In put Voltage 


V|H, 


- 


3.6 






V 


Low input Voltage 


V|L 


- 






0.8 


V 


High Output Voltage (1) 


VOH 


IO = -40/LtA 


4.2 






V 


Low Output Voltage 


Vol 


l0 = 1.6mA 






0.4 


V 


OSCo Input Leak Current 


l|H 


V|=Vdd/OV 






25 


,xk 


l|L 


-25 




«IH 


V|=Vdd/OV 






1 




RESET, MODE LeakCurrent 


ixk 


l|L 


-50 


Input Leak Current^2) 


•iH 


V|=Vdd/OV 






1 


mA 


hL 


-1 


PA, PB High Output Current 


'OH 


VoH = 0.4V 






-1 


mA 


High Output Current^D 


•oh 


VoH = 2.5V 


-0.25 






mA 


Low Output Current 


lOL 


Vol = 0.4V 


1.6 






mA 


PF, PG Output Breakdown Voltage 


BVoH 


IO = 10iU,A 


20 






V 


Input Capacitance 


C| 


f = 1MHz 
Ta = 25°C 




5 




pF 


Output Capacitance 


Co 


f = 1MHz 
Ta = 25°C 




7 




pF 




>DD 


V|=Vdd/OV 




10 


200 


/aA 


Current Consumption^*^) 


•dd 


V|=Vdd/OV 
f = 4.2MHz 




1.6 


4 


mA 



Notes: (1) Except PA, PB (see graphs) 

(2) Except OSCo, RESET, MUOE 

(3) Typical Value of Vqd 's 5V 
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A.C. CHARACTERrSTICS (INTERNAL ROM MODE) 

(Vdd = 5V±1 0%, Ta = -40° to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


CycleTime 


tCY 




7.6 






fjiS 


Sync Pulse Width 


tsw 




0.95 






mS 


RD Pulse Width 


tRW 




1.9 






fjiS 


SyncftoRUj 


tRD 


Cl = 50pF 


1/2tcY + 0-5 






mS 


WR Pulse Width 


tww 




0.96 






fjiS 


Sync|toWR| 


tWD 


Cl = 50pF 


13/16tcY + 0.5 






fxS 


Port Input Setup Time 


tDSR 




4/16tcY 






fxS 


Port Input Hold Time 


tDHR 









0.8 


fjiS 


WRj to New Data Valid 


tDDW 


PA,PB 
Cl = 50pF 






0.8 


fxS 


Sync 1 to New Data Valid 


tDDS 


PD, PE, PF, PG 
Cl = 50pF 






13/16tcY+0.5 


fJLS 


PHo,PHi Input Pulse Width 


tHW 


(1) 


500 






nS 


CIN Input Pulse Width 


tew 




250 






nS 


INT Input Pulse Width 


t|NTW 


(1) 


500 






nS 



Q 



Note: (1) The processor logic will ignore the following events: 

1 . An INT falling edge occurring during T|n(-| of a T| Instruction. 

2. A PHoorPHi low level occurring only during T|NH of a Thb instruction. 

TIMING CHARTS 



-m-tSVJ-^ 



PA. PB 



PD, PE 
PF.PG 

PHo.PH, 



-tCY- 



-tRD- 



-twD- 



-tRW- 



INPUT DATA 



DON'T CARE 



X 



INPUT DATA 



tww 



\ NEW OUTPUT 
\ DATA 



-tDHR 



)C 



DON'T CARE 



— -tQW-*-^ 



^. / 



)C 



tlNTW- 



/^ 



l/2tCY- 



-t|NH- 



(7/16tCY) 

Note: (1 ) All 'ONES' must be output before reading port A or B. 



1/16 tcY 
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Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Cycle Time 


tCY 




7.6 






fxS 


Sync Pulse Width 


tsw 




0.95 






fxS 


If Pulse Width 


t|W 




1.425 






mS 


Sync t to If i 


t|D 


Cl = 50pF 


3/16tcY + 1 






mS 


Address Low Delay 


tLAD 


Cl = 50pF 






0.8 


/aS 


Address Low Hold 


tLAH 




1/16tcY 




1/16tcY+i 


ns 


Instruction Setup 


t|S 




1/16tcY 






f.S 


Instruction Hold 


t|H 








20 


nS 


Data Recovery 


tDR 


Cl = 60pF 







0.8 


fjiS 


Address High Delay 


^HAD 


Cl = 50pF 






0.5 


A.S 


Address High Hold 


tHAH 









0.5 


fjiS 



SYNC 



IF 



tCY 



^ ^SW ^ 



tiD 



\ 



LAD 



-• t|w- 



v 



-•^lahH |--tis*- 



PA,PB DATA )("^^LOW^^ )-(lNSTR 



PD 



DATA 



— tHAD -* 



-tjH 



>-( 



-^tDR 



ADDRESS HIGH 



X 



tHAH 



DATA 



DATA 



Cycle Dependent Timings 


4MHz 


2MHz 


1MHz 


500kHz 


1/16tcY 


O.SfjiS 


VS 


2fjiS 


4/aS 


1/16tcY4-1 


1.5)uS 


2^JLS 


3/xS 


5^iS 


3/16tcY+i 


2.5/LtS 


4fjiS 


7^S 


13)uS 


4/16tcY-l 


VS 


3ijlS 


7/xS 


^5^lS 


1/2tcY+1 


5/aS 


9fxS 


^7^JLS 


33fjiS 


7/16tcY 


3.5;uS 


7/LtS 


14/iS 


28/>tS 


13/16tcY+1 


7.5/x-S 


14;LtS 


27/xS 


53^8 
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TYPICAL PERFORMANCE CURVES 



Supply Current vs Supply Voltage 

(Ta = 25°C, No Load) 
1pm 



100m 



Q 
Q 




0.1 M 



Supply Current vs Oscillator Frequency 

(Ta = 25°C, No Load) 
10m 



Q 
Q 




lOOju 



10K 100K 1M 10M 

/ (OSC) {Hz) 



Oscillator Frequency vs Supply Voltage 

(Ta = 25°C, Cl = 50pF) 
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Oscillator Frequency vs Temperature 

/ (Cl = 50pF) 
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Low Current Out vs Voltage 
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/Vdd 
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5V 
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Vo(V) 
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High Current Out vs Voltage 

(Ta = 25°C, Except PA, PB) 
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o 


Vdd- 
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—A 




VddT^ 


^ 
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Fall Time vs Load 

(Ta = 25°C, PA, PB, PD, PE, RD , WR , 'W , SYNC) 
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CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI iyiSM5842 microcontroller is a low-power, high-performance single chip device Imple- 
mented in complementary metal oxide semiconductor technology. Integrated with this one chip are 
6K bits of mask program ROM, 128 bits of data RAM, 21 Input/Output lines, an 8-bit binary 
timer/counter, and oscillator. Program memory is byte wide and data paths are organized in 4 bit nib- 
bles. RAM and I/O lines are bit addressable. 52 instructions include binary, BCD, operations; bit set, 
reset, test; 8-bit I/O; relative jumps; multifunctional instructions (increment, modify, skip); 8-bit wide 
table output; subroutine call and return. 94% of instructions are single byte, single cycle operations. 

Available in plastic (RS) package. 



FEATURES 




• Low Power Consumption - 7mW Typical 

• 1 00% Static Logic - 1 00/xW Standby 

• 768 X 8 Internal ROM 

• 32 X 4 Internal RAM ^ 

• 21 I/O Lines Incl. 8 Bit Data Bus 

• 8 Bit Binary Timer/Counter 

• Self-contained Oscillator 



52 Instructions 

1 Stack Level 

-20° to +70°C Operating Temperature 

3V to 6V Operating Vdd 

Battery Powered or Battery Backup 

TTL Compatible (with pullups) 

7.6AiS Cycle Time @4.2MHz 



FUNCTIONAL BLOCK DIAGRAM 



32x4 RAM 



FEDCBA98 76 5 43 210 



7^ 



1 .7. 1 1 .'^r. I 




il 



]UJ 



[Tm} 



AAAA IH 



SL 



\ °^^ / 



1 



Iz. 



7^ 7> 



-IC8 BIT TIMER 




"^r" 



6666 6666 666 6 

3210 3210 3 2 10 PH^ 3210 3210 

\_PE_y \-PD-^ ^^ PK— ' "^PA—^ ^PB 



1 f\ 




3 Vdd 

DGND 



CIN OSCi OSCo RESET SYNC 
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PIN CONFIGURATION (Top View) 



28 PIN PLASTIC DIP (RS) 


32 Pin Flat Package 


PH^ [T 


V^ 


in PE3 


PA2 1 1 

PA3 1 2 





32 1 PAi 
31 1 PAo 


SYNC \J 




PBn 1 3 




30 1 RESET 


osc, [3 




H PE2 


PB, 1 4 




29 1 OSCo 


osco [T 




ii PE, 


PB2 1 5 




28 i OSC, 


RESET [£ 




23 PEo 


PB3 1 6 




27 1 SYNC 


PAo [£ 




gi PD3 


NC f 7 




_23j PHo 


PA, [7 
PA2 [I 




H PD2 
13 PDi 


GND 1 8 




25 1 NC 




CIN 1 9 
PKo 1 10 




24 I Ydd 
23 1 NC 


PA3 [9 




20| PDo 


PK, 1 11 




22 1 PE3 


PBo |T0 




19] PK3 


PK2 1 12 




21 1 PE2 


PB, (Ti 




JH PK2 


PKa 1 13 




20 1 PE, 


PB2 m 




lH PK, 


NC 1 14 




19 1 PEo 


PB3 [n 




16J PKo 


PDo 1 15 
PD, 1 16 




18 I PD3 
17 1 PD2 


GND lli 




Ti] CIN 























PIN DESCRIPTION 




Designation 


Pin No. 


Function 


GND 


14 


Circuit GND potential 


Vdd 


28 


Main power source (+5V) 


OSCo 


4 


Crystal OSC input, external clock input 


OSC1 


3 


Crystal OSC input, external clock output (not TTL compatible) 


PA, PB 


6 to 13 


Quasi-bidirectional ports for 4 bit parallel I/O. Used as a pair for 8 bit I/O. 


pd.pe 


20 to 27 


Output ports for 4 bit parallel output and bit set/reset. Specified by internal port 
pointer. Bit position specified by set/ reset instruction. 


PK 


1 6 to 1 9 


4 bit parallel or bit test input port (unlatched) 


PH 


1 


1 bit input port with latched memory (negative level sensitive) 


RESET 


5 


RESET must be low for more than one mach i ne cycle and has priority over every 
other signal. (seeMSM5842 user's manual for initialization sequence) 


CIN 


15 


Negative edge sensitive external input for timer/counter. 


SYNC 


2 


General purpose synchronizing signal output at the beginning of each machine 
cycle. 
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FUNCTrONAL DESCRIPTION 

Program ROM 

The MSM5842 will address up to 768 bytes 
of program ROM. All instructions are byte wide. 
Only three of the 62 instructions require two 
bytes of program code. The Instructions are 
routed to a programmed logic array which gener- 
ates the necessary internal control signals. 

Data RAM 

Data is organized In 4 bit nibbles. Internal 
data RAM consists of 32 nibbles and one nibble 
which is a dedicated general purpose register, 
W, accessible directly under program control. 
DATA RAM must be addressed indirectly 
through the DP (data pointer) register, a five bit 
pointer (directly accessible by numerous instruc- 
tions) consisting of a 4 bit DPl register and a 1 
bit DPh register. Any nibble of internal data RAM 
can be accessed through the DP registers. Some 
instructions, automatically change the contents 
of the DP register allowing efficient array pro- 
cessing. 

Input/ Output Ports 

PA, PB - These two ports are pseudo- 
bidirectional ports which can be used as simple 
I/O lines or used as either a 4 bit or 8 bit parallel 
bus. 

PD, PE - These two output ports are ad- 
dressed indirectly through the ONE BIT port 
pointer whose contents are changed through 
certain Instructions. These ports are bit (set/ 
reset) addressable. 

PK is an input port without a Latch circuit, ad- 
dressable as a nibble input. 

PH is a one bit input port with a Latch circuit, 
which can be tested and reset under program 
control. 



Timer/Counter 

The timer/counter is an 8-bi t counter whose 
input is an external signal (GIN). The TM flag is 
set when the timer/counter generates a carry. 

Stack 

The stack is a single register for storing 
return-from-subroutine address information. It is 
ten bits wide. 

Program Counter (PC) 

The program counter is ten bits wide. 

Accumulator 

The accumulator register is the data path 
focal point of the CPU. Approximately one-half of 
the instructions involve the accumulator. Its 
contents are the source and destination for 
many ALU operations and port operations. CASE 
statements (computed GOTOs) are possible by 
using the Jump with Accumulator (JA) instruc- 
tion. 

Flags 

The MSM5842 is endowed with the following 
set of flags. 
Z- zero flag : Indicates that the result 

of the previous operation 

was zero 
C - carry : Indicates a carry from the 

previous operation 
TM- timer flag : indicates an overflow of 

the timer/counter register 
Ho -Ho memory : Indicates that an input 

has been detected on the 

Ho input 



INSTRUCTION SET 



Mnemonic 


Description 


Instruction Code 


Byte 


Cycle 


7 6 


5 4 


3 


2 


1 




OLA 


Clear Accumulator 





1 

















COL 


Clear DP|_ 





1 

















CLH 


Clear DPh 


1 


1 















1 


LAI 


Load Accumulator with Immediate 





1 


Is 


l2 


h io 






o 


LLI 


Load DPl with Immediate 





1 


l3 


\2 


h Io 






« 


LHI 


Load DPh with Immediate 


1 


1 








Io 






s. 


L 


Load Accumulator with Memory 


1 


1 





1 









1 


LAL 


Load Accumulator with DPj_ 


1 


1 





1 


1 






w 


LLA 


Load DPl with Accumulator 


1 


1 





1 









"§ 


LAW 


Load Accumulator with W Register 


1 








1 









■3 


SI 


Store Accumulator to Memory then Increment DP^ 


1 


1 

















LWA 


Load W Register with Accumulator 


1 




















LPA 


Load Port Pointer with Accumulator 


1 


1 


1 














LTI 


Load Ti mer with Al 1 Zeros 


1 


1 


1 
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INSTRUCTION SET (CONT.) 



Mnemonic 


no 


OA-'iv^tSAn 


Instruction Code 


Byte 


Cycle 


U6oui \\i\\\t\\ 


7 


6 


5 


4 


3 


2 


1 





g 

JZ 

o 

X 

UJ 


X 


Exchange Accumulator with Memory 


1 








1 


1 











1 


1 


C 


INA 


Increment Accumulator 

























1 






8 


INL 
INM 


Increment DPl 
Increment Memory 


' Skip If Zero 












1 
1 




1 




1 




1 

1 






§ 


INW 


Increment W Register 




1 











1 














1 


DCA 


Decrement Accumulator- Skip If Not All Ones 














1 




1 


1 






o 

c 


DCL 
DCM 


Decrement DPl 1 skip if All Ones 
Decrement Memory J 












1 
1 




1 




1 












s 


CAO 


Complement Accumulator of One 










1 


















•° 


RAL 


Rotate Accumulator Left through Carry 


















1 


1 








AC 


Add Memory to Accumulator with Carry 













1 














■■s 


AS 


Add Memory to Accumulator, Skip if Carry 













1 




1 









E 


AIS 


Add ImmediatetoAccumulator, Skip if Carry 














l3 


Iz 


h 


io 






< 


DAS 


Decimal adjust Accumulator in Subtraction 










1 


1 





1 











CM 


' Compare Accumalator with Memory, Skip if Equal 










1 


1 




1 











SMB 


Set Memory Bit 


1 







1 


1 





h 


Io 






OT 


RMB 


Reset Memory Bit 


1 







1 


1 




h 


Io 






^ 


TAB 


Test Accumulator Bit 


1 
















h 


Io 






1 


TMB 


Test Memory Bit 


1 















h 


Io 






© 


THB 


Test H Port Bit 


1 










1 







Io 






■S 


TTM 


Test Timer flag 


1 










1 




1 









CO 


TC 


Test Carry flag 



















1 









m 


SC 


Set Carry flag 































RC 


Reset Carry flag 






















1 






o 

c 


J 


Jump 

















l9 


l8 




2 


"5 






l7 








l3 


l2 


h 


Io 






2 

JQ 


JC 


Jump in Current Page 


1 








l3 


b 


h 


Io 






3 
CO 


JA 


Jump with Accumulator 

















1 


1 






^ 

^ 


CAL 


Call Subroutine 











1 





l9 


8 


2 


2 


C 






l7 








la 


b 


h 


Io 






2 

CD 


RT 


Return from Subroutine 











1 








1 




2 




OTD 


Output Table Data 




















1 




2 




OA 


Output Accumulatorto Port A 

















1 









^ 


OB 


Output Accumulator to Port B 

















1 


1 






a 

3 
O 


OP 


Output Accumulatorto Port P designated Port 
Pointer 














1 












3 


OPM 


Output Memory to Port P designated Port Pointer 














1 


1 









C 


lA 


Input Port A in Accumulator 











1 





1 











IB 


Input Port B in Accumulator 











1 





1 


1 








IK 


Input Port K in Accumulatpr 











1 


1 












2 

1 
o 


NOP 


No Operation 


























1 


i 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V| 


Ta = 25°C 


-0.3 to VDD 


V 


Storage Tem perature 


Tstg 




-55 to +150 


°C 



Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the 

device. This is a stress rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not Implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

OPERATING CONDITIONS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


1MHz 


3 to 6 


V 


4.2MHz 


4.5 to 5.5 


V 


Operating Temperature 


Top 




-40 to 85 


°C 


FanOut 


MOS Load 


40 




TTL Load 


1 






D.C. CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40° to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


High Input Voltage 


V|H 


- 


3.6 






V 


Low Input Voltage 


V|L 


- 






0.8 


V 


High Output Voltage (1) 


VOH 


\q = -40/LtA 


4.2 






V 


Low Output Voltage 


Vol 


IO = 1.6mA 






0-45 


V 


OSCo Input Leak Current 


i|H 


V|=Vdd/OV 






25 


mA 


l|L 


-25 




•iH 


V|=Vdd/OV 






1\ 




RESET Leak Current 


)uA 


"IL 


-20 


Input Leak Current(2) 


'IH 


V|=Vdd/OV 






1 


^A 


«IL 


-1 


PA, PB High Output Current 


'oh 


VoH=0.4V 






-1 


mA 


High Output Current(l) 


'oh 


VoH = 2.5V 


-0.25 






mA 


Low Output Current 


'OL 


Vol = 0.45 V 


1.6 






mA 


Input Capacitance 


C| 


f=1MHz 
Ta = 25°C 




5 




PF 


Output Capacitance 


Co 


f = 1MHz 
Ta = 25X 




7 




PF 




'dd 


V|=Vdd/OV 




20 


200 


mA 


Current Consumption^^) 


'dd 


V|=Vdd/OV 
f=4.2MHz 




1.5 


4 


mA 



Notes: (1 ) Except PA, PB (see gra phs) 

(2) Except OSCo, RESET 

(3) Typical Value of Vdd "s 5V 
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A.C. CHARACTERISTICS 

(Vdd =5V±10%,Ta =-40°to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Cycle Time 


tCY 


Osc=^4MHz 


7.6 






^S 


Sync Pulse Width 


tsw 




0.95 






/LtS 


Port Input Invalid Time 


tDIV 








1/2tcY + 0-5 


/xS 


Port Input Valid Time 


tDV 




2 






mS 


Sync 1 to New Data Valid 


tpDS 


PD.PECl = 50pF 






13/16tcY + 0.5 


HS 


PHo Input Pulse Width 


tHW 


(1) 


250 






nS 


CIN Input Pulse Width 


tew 




250 






nS 



Notes: (1) The processor logic may ignore the following event: 

A PHo low level occurring only during T|nh o* a THB instruction. 
(2) All 'ONES' must be output before reading port A or B. 



TIMING CHARTS 



SYNC 
PA,PB 

PK 

PD,PE 
PHo 
CIN 



-*-tsw-^ 



-tCY- 



V 



Note 2 



^: 



-tpiv- 



DON'TCARE 



INPUT DATA 



-tDV- 



X 



INPUT DATA 



-tDDS- 



OLD DATA 



-*tHW-^ 



.^ 



-^tcw-^ 



A 



-1/2 tcY- 



— tjiviH 

7/16 tcY 



■^^ 



NEW OUTPUT DATA 



DONTCARE 



X 



NEW DATA 



1/16 tcY 
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TYPICAL PERFORMANCE CURVES 

Supply Current vs Supply Voltage 

(Ta = 25°C,NoLoad) 
10m 



1m 



^ 100m 



o 

Q 



10^ 



1m 



OA/jL 









^^ 


/(OSC) = 

4MHz 

2MHz_ 

1MHz 

lOOKHz 






***^ 


/ 






/ 










/■ 


y 


OHz 













1 3 5 7 

Vdd(v) 



10 



Supply Current vs Oscillator Frequency 

(Ta = 25°C,C|_ = 15pF) 
10m 



1m 



2 100^ 
o 



10)u 



iM 



0.1m 





Vd 


)=5V/ 




y 


/ 


— 


x^ 

















lOK 100K 1M 10M 

J (OSC) (Hz) 



Oscillator Frequency vs Supply Voltage 

(Ta = 25°C,CL = 50pF) 



12 

I 

i ' 

4 
2 
n 








/ 










/ 























































3 6 7 

Vdd(V) 



10 



Oscillator Frequency vs Temperature 

(Cl = 50pF) 
14 

12 



I 

CO 

§ 6 









^ 




5V 






^^ 



























4 
2 


-50 



50 

Ta (°C) 



100 
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Low Current Out vs Voltage 

(Ta = 25°C) 
20 



< 

E 



15 



10 





























■ Vd 


D = 5V 


r 




/ 











13 5 7 

Vo{V) 



10 



High Current Out vs Voltage 

(Ta = 25°C) 
-4 



^ -3 

< 

E 

P -2 















V0D = 


5V 


PD.PE 
SYNC 


1 N 

Vdd = 


k 






5V (PA, PB)\ 




1 



1 



3 5 7 

Vo{V) 



10 



Fall Time vs Load 

(Ta = 25°C, PA, PB, PD, PE. SYNC) 



1000 
_ 800 

CO 

^ 600 
400 

200 




.Vdd = 5V 



1 20 50 1 00 200 500 1 000 
Cl(pF) 



Rise Time vs Load 

{Ta = 25°C,PD,PE,SYNC) 
1000 

800 



-i 600 



400 

200 












/ 










/ 


Vdd 








y 


/ 






__*-^ 


X 


/ 



















10 20 50 100 200 5001000 
Cl(pF) 
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CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM58421 is a low-power, high-performance 4-bit single-chip microcontroller imple- 
mented in complementary metal oxide semiconductor technology. 

Integrated within this one chip is a 5 digit 7-segment LCD driver and PLA which can change the 
character font for the 7 segments freely under the control of the mask programmable data. 

Also integrated in this chip are mask ROM of 1 536 x 8 bits for programming, data RAM of 40 x 4 
bits, 1 3 general-purpose input/output ports, 1 2-bit timer, and clock oscillator to facilitate easy appli- 
cation to equipment with an LCD display. 

FEATURES 



D 



• Low Power Consumption CMOS 4-bit 
One-Chip Microcomputer 

• 1 00% Static Logic 

• 1 536 X 8 bits Mask ROM 

• 40 X 4 bits Data RAM 

• 1 Static Register 

• Built-in 1 2-bit Timer (with 32 Hz Common 
Output) 

• All Input Ports Contain Schmitt Trigger 
Circuits 

• 8-bit Interface Bus 



• 52 Instructions 

• 94% of the 52 Instructions are 1 Byte and 1 
Machine Cycle 

• Integrated with 1 3 Input/Output Ports and 40 
Static LCD Driver Circuit 

• +5V Single Power Supply, 60-Pin Mold Flat 
Package 

• 7-Segment Character User Programmable 
Font (32 Words x 7 Segments) 

• Various Functions Changeable under Mask 
Program Control 



FUNCTIONAL BLOCK DIAGRAM 



DATA MEMORY (RAMI 40W 



FEDCBA98 765432 10 




h i^ _ n "ir-nl 



oooAo doAooio oodoooo oooooa i 





6 6 6 6 6 6 



54321 gf edcba gf edcba gf ed cbaigf ed cba'gf edcba q 3 2 10 PH 

O , 
^PLCD6-'^PLCD5-'^PLCD4-^PLCD3-'^PLCD2-'^PLCD1-' M ^ PK ' 



' Crystal Oscillator 4.194304 MHz, SYNC = 7.63 /xsec LCD common signal 32 Hz 



^DEC 
MPX 



PROGRAM 

ROM 
1536x8 bit 



™ 



1" 



10 STACK 



EIj 



(> 6 6 <i 



111 



3210 3210 SR OOVddG 

Y E S S N 

N PA ' > PB ' NSCC D 

C E 1 
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LOGIC SYMBOL 



PIN CONFIGURATION 















OSCo 

osc, 


A? 
Aj 
A3 


; : 1 PORT A 


1 ? ■= 


J_ _l_ • « c 


RESET -c 


"res"et 


9 


^ PORTB 

r 1 PLCD 1 


PORT H -<: 


H 


9 


=- 1 PLCD 2 






Kl 


9 


1 1 PLCD 3 










g 


= PLCD 4 












g 


f PLCD 5 






5 


^ I 1 PLCD 6 


,5V 


Vdd 






OV 


GND 


SYNC 


SYNC SIGNAL OUTPUT 






COMMON 


— COMMON SIGNAL OUTPUT 













PLCD 3-f 
PLCD4-b 
PLCD5-b 
PLCD4-a 
PLCD4-f 
PLCD5-a 
PLCD6-4 
PLCD 6-3 
PLCD 6-2 
PLCD4-g 
PLCD 4-e 
PLCD 4-d 
PLCD4-C 
PLCD3-g 


SHRRfflRMHRm 1 


PLCD5-cl 1 


/^^ 


"46"] PLCD3-e 


PLCD3-a 1 2 





"45~| PLCD3-d 


PLCD3-b 1 3 




"44~| PLCD3-C 


PLCD5-dl 4 




"43~l PLCD6-5 


PLCD2-f 1 5 




42 1 PLCD2-e 


PLCD2-a 1 6 




41 1 PLCD2-d 


PLCD5-e 1 7 




40 1 PLCD2-C 


PLCD2-b 1 8 




39 1 PLCD2-q 


PLCDI-f 1 9 




38 1 PLCDI-e 


PLCD5-f 1 10 




37 1 PLCD1-d 


PLCDl-aRT- 




36 1 PLCD1-C 


PLCDI-bQH 




35 1 PLCDI-g 


PLCD5-g rnrj 




34 1 PLCD 6-! 


PH ^D 




33 1 GND 


SYNC 1 15 


32 1 COMMON 


OSC, 1 16 


"STI PORTKi 




H yyuHN HHNHHH 




0° t <° < < < g 'S .- £ £ ^ ^ ^ 
2gS2 2S22222 



PIN DESCRIPTION 



Designation 


Pin No. 


Function 


GND 


33 


Circuit GND potential 


Vdd 


23 


Main power source (+5V) 


OSCo 


17 


Crystal OSC input, external clock input 


OSC1 


16 


Crystal OSC input, external clock output (not TTL compatible) 


PA,PB 


19to22 
24 to 27 


Pseudo-bidirectional ports for 4-bits parallel I/O. To input data from these ports, it is 
necessary to write "1 " to them beforehand. When nothing is applied to their 
terminals, the content of output ports is written in them, so they can also be used as 
registers. In addition, it is possible to use them for make 8-bit parallel output 
depending on instructions. 


PK 


28 to 31 


Input ports for 4-bit parallel input with no latching function. 


PH 


14 


Input port with latching function to be set by negative logical signal. 

That is, this terminal is set at the time when the negative logical signal is applied to it 

from theoutside. 

It is reset automatically after execution of the test instruction of this port. 


RESET 


18 


The RESET signal which input has priority over all of other signals and performs the 
following functions: 

(1) Resets all bits of the program counter; 

(2) Resets the timer counter and timer flag; 

(3) Resets the port poi nter; 

(4) Resets the accumulator; 

(5) Resets I/O ports PA and PB; 

(6) Resets the input port PH flag; 

(7) Initializes the output port PLCD for LCD; 

(8) Resetsthe machine cycle to Ml. 




Since the RESET terminal is pulled up to V^d by an internal resistor (approx. 800 
kn), it is possible to make power ON/reset by connecting it with an external 
capacitor. 



67 



• MSM58421 •- 



PIN DESCRIPTION (CONT.) 



Designation 



Pin No. 



Function 



SYNC 



15 



General-purpose synchronizing signal output. The signal is output at the beginning 
of each machine cycle. Output constantly, this signal is used also as clock pulse to 
external units. 

The cycle of SYNC becomes 32 times that of the original oscillation (8 /aS when the 
clock pulse is 4 MHz). 



PLCD 
1 ~6 



1 to13 
34 to 60 



PLCD1 ~6(Pins1 -13 and 34-60) 

7-bit and 6-bit parallel output ports, respectively. They are used to direct drive an 
LCD (static type) . Specification of each port Is done by the port pointer (PP) as 
shown in the table below: 



Content of PP 


Port Specified 


b3 


bz 


bi 


bo 


X 











PLCD1 


X 








1 


PLCD2 


X 





1 





PLCD3 


X 





1 


1 


PLCD4 


X 


1 








PLCD5 


X 


1 





1 


PLCD61 ^4 


X 


1 


1 





PLCD6 5 and BI 


X 


1 


1 


1 





X: Don't care 

BI: 7 Segment Decoder PLA Blank Input 

The data of bo, of the internal 4-bit bus is written to 6 of PLCD6, and that of ba to 

Bi. 



COMMON 



32 



COMMON (Pin 32) 

COMMON output terminal. This output signal is connected to the common electrode 
of static type LCD. The frequency of the COMMON signal output is given with the 
following equation: 

*(COM)=^(OSC)/2i7 
Where the basic clock f(osC) 'S 4.1 9304 MHz, f(cOM) becomes 32 Hz (duty ratio: 
50%). 



MASK OPTION TABLE 



f(osc) =4. 194304MHz 





PortKO 


Port K2 


PortK3 


Com mom 


Timer 


No. 


28 pin 


30 pin 


31 pin 


32 pin 





Ko 


K? 


K3 


32Hz 


1 2 bit 


1 


Ko 


BUZZER 


COMMON 


32Hz 


12 bit 


2 


Ko 


BUZZER 


K3 


32Hz 


12 bit 


3 


Ko 


BUZZER 


K3 


64Hz 


11 bit 


4 


Ko 


K2 


K3 


64H2 


1 1 bit 


5 


Ko 


K2 


K3 


128Hz 


10 bit 


6 


Ko 


BUZZER 


Ks 


1 28Hz 


1 bit 


7 


Ko 


K2 


K3 


256Hz 


9 bit 


8 


Ko 


K2 


K3 


512Hz 


8 bit 


9 


Ko 


BUZZER 


K3 


512Hz 


8 bit 



f (BUZZER) =2048Hz 



68 



ABSOLUTE MAXIMUM RATINGS 



-• MSM58421 • 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Power Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V, 


Ta = 25°C 


-0.3 to Vdd 


V 


Power Dissipation 


Pd 


Ta = 25°Cper1 package 


200 


mW 


Storage Temperature 


Tstg 




-56 to +150 


°C 


OPERATING RANGE 


Parameter 


Symbol 


Conditions 


Limits 


Unit 


Power Supply Voltage 


Vdd 


*(OSC)=0to4.2MHz 


4to6 


V 


Operating Temperature 


Top 


- 


-40 to +85 


°C 


Fan Out (excluding COM, SEC) 


N 


MOS Load 


15 




TTL Load 


1 





D.C. CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage 


V|H 




3.6 






V 


"L" In put Voltage 


V|L 








0.8 


V 


"H" Output Voltaged) 


VOH 


IO = -80/LtA 


Vdd 

-0.1 






V 


"H" Output Voltage(2) 


VOH 


IO = -20M 


Vdd 

-0.1 






V 


"H" Output Voltage^) 


VOH 


IO = -40/xA 


4.2 






V 


"H" Output Voltage(4) 


VOH 


IO = -15/aA 


4.2 






V 


"L" Output Voltaged) 


Vol 


IO = 80aiA 






0.1 


V 


"L" Output Voltage(2) 


Vol 


IO = 20/aA 






0.1 


V 


"L" Output Voltage(5) 


Vol 


IO = 1-6mA 






0.4 


V 


OSCo Input Leak Current 


•lH/l|L 


V|=Vdd/V|=OV 






10/-10 


fxA 


Input Current^6) 


i|H/l|L 


V|=Vdd/Vi=OV 






1/-20 


ixk 


PA „ 
PB " 
Output Current 


•oh 


Vo = 0.4V 






-1 


mA 


"H" Output Current(3) 


«0H 


Vo = 2.5V 


-0.25 






mA 


"L" Output Current(4) 


«0L 


Vo = 0.4V 


1.6 






mA 


Input Capacity 


C| 


f=1MHz,Ta=25°C 




5 




PF 


Output Capacity 


Co 


f=1MHz,Ta=25°C 




7 




PF 


Current Consumption 


>DD 


f = 4.1 94304 MHz, 
at no load 




2 


5 


mA 



Notes: (1) Applied to COMMON 

(2) Applied to SEGMENT 

(3) Applied to SYNC 

(4) Applied to PA, PB 

(5) Applied to SYNC, PA, and PB_ 

(6) Applied to RESET, PK, and PH 
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SWITCHING CHARACTERISTIC 

(Vdd = 5V±1 0%, Ta = -40° to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


SYNC Del ay Time from 
Clock (OSCo) 


t<Ad 


Cl = 50pF 






800 


ns 


Clock (OSCo) Pulse 
Width 


t0WH 
VWL 




116 






ns 


Cycle Time 


tCY 




(1) 






fJLS 


SYNC Pulse Width 


tsw 




(2) 






fJiS 


PA 

PB Data Valid Time 

PK 


tDV 


Cl = 50pF 


(3) 






fJLS 


PA 

PB Data Invalid Time 

PK 


toiv 


Cl = 50pF 






(4) 


fXS 


Data Delay Time 


tDDS 


Cl = 50pF 


500 






ns 


Port H Set Pulse Width (^) 


tHW 




500 






ns 


COMMON Delay Time 
from SYNC 


tSCd 


Cl = 50pF 






2 


flS 


SEGMENT Delay Time 
from COMMON 


tCSd 


Cl = 50pF 






1 


fJLS 



CLOCK (OSCo) 



SYNC 



t0WH 



VWL 
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SYNC 



/^ 



(6) 

PA,PB,PK 
INPUT MODE. 



PA,PB 

OUTPUT 

MODE 



PH 



tsw(2) 



-^CY 



(1) 



/\ 



-tDIV-— 



(3) 



IN VALIC 



-tDV- 



D ^f^ VALID ^f^ INVALID 



-tDDS <5) 



X 



OLD DATA 



NEW DATA 



tHW 



V 



SYNC 



THB INSTRUCTION CYCLE 



/^ 



-T|NH- 



16x1/f(0SC) 



/^ 



15x1/f(0SC) 1x1/f(osc) 




Notes: (1 ) tcv = 32 x 1 /f (qsc) 
(2)tsw = 4x 1/f(0SC) 
(3)tDV = 8x 1/f(0SC) 
(4) tpiv = 16X1 /f (OSC) + 0.5 /Lcs 
(5)tDDS = 26X1/f(osG) + Vs 

(6) When data is input from PA or PB, set the contents of PA or PB to "1 " prior to reading instruction. 

(7) At execution of the THB instruction, any input made during a period of T|nh (15x1 /f(osc)) shown in the 
above figure may be neglected. 



SYNC 



COMMON 



SEGMENT . 



(WHEN THE DISPLAY 
CONTENT IS FIXED) 



-4096 PULSE - 



tscd 



tcsd 



)C 



hcd 



^ 



tcsd 



X 



/ 



X 
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DESCRIPTION OF TERMINALS 

GND (Pin 33) 

Circuit grounding potential 

Vdd (Pin 23) 

Main power supply 

OSCo(Pinl7) 

Input of internal oscillation circuit at one side 
of crystal resonator and ceramic vibrator. 



0SCi(Pin16) 

Output of Internal oscillation circuit at the 
other side of crystal resonator and ceramic vibra- 
tor (not TTL compatible) 

PA, PB (Pins 19-22 and 24 ~ 27) 

These are quasi-bidirectional ports for 4-bit 
parallel I/O. To input data from these ports, it is 
necessary to write "1" to them beforehand. 
When nothing is applied to their terminals, the 
content of output ports is written in them, so they 
can also be used as registers. In addition, it is 
possible to use them to make an 8-bit parallel 
output depending on instructions. 

PK (Pins 28 -31) 

Input ports for 4-bit parallel input with no 
latching function. 

PH(Pin14) 

Input port with latching function to be set by 
negative logical signal. 

This terminal is set at the time when the nega- 
tive logical signal is applied to it from the outside. 
It is reset automatically after execution of the 
test instruction of this port. 



RESET (Pin 18) 

Reset must be active for greater than 1 ma- 
chine cycle. 

The RESET signal, when input, has priority 
over all of other signals and performs the follow- 
ing functions: 

(1 ) Resets all bits of the program counter; 

(2) Resets the timer counter and timer flag; 

(3) Resets the port pointer; 

(4) Resets the accumulator; 
(6) Resets I/O ports PA and PB ; 

(6) Resets the input port PH flag; 

(7) Initializes the output port PLCD for LCD; and 

(8) Resets the machine cycle to M i. 



Since the RESET terminal is pulled up to Vdd 
by an internal resistor (approx. 800kn), it is 
possible to activate power ON/reset by connect- 
ing it to an external capacitor. 

SYNC (Pin 15) 

This is a general-purpose synchronizing 
signal output. The signal is output at the begin- 
ning of each machine cycle. Output constantly, 
this signal is used also as clock pulse to external 
units. 

The cycle of SYNC becomes 32 times that of 
the original oscillation {SfjiS when the clock pulse 
is4MHz). 

PLCD1 ~6(Pins1 -13and34~60) 

These are 7-bit and 5-bit parallel output 
ports, respectively. They are used to directly 
drive an LCD (static type). Specification of each 
port is done by the port pointer (PP) as shown in 
the table below; 



Content of PP 


Port Specified 


b3 


b2 


bi 


bo 


X 











PLGD1 


x 








1 


PLCD2 


X 





1 





PLCD3 


X 





1 


1 


PLCD4 


X 


1 








PLCD5 


X 


1 





1 


PLCD6~4 


X 


1 


1 





PLCD6 5 and BI 


X 


1 


1 


1 


— 



X: Don't Care 

BI: 7 Segment Decoder PLA Blank Input 

The data of bo, of the internal 4-bit bus is written to 

5ofPLCD6,andthatofb3toBI. 

COiy/IMON (Pin 32) 

This is a COMMON output terminal. This 
output signal is connected to the common elec- 
trode of static type LCD. The frequency of the 
COMMON signal output is given with the follow- 
ing equation: 

f(C0M)=f(0SC)/2^^ 

Where the basic clock f(oSC) 's 4.19304 MHz, 
f(COM) becomes 32 Hz (duty ratio: 50%). 
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INSTRUCTIONS LIST 



Mnemonic 


Description 


Instruction Code 


Byte 


Cycle 


7 6 5 4 3 2 10 


CLA 

CLL 

CLH 

LAI 

LLI 

LHI 

L 

LAL 

LLA 

LAW 

SI 

LWA 

LPA 

LTI 


Clear Accumulator 

Clear DPl 

Clear DPh 

Load Accumulator with Immediate 

Load DPl with Immediate 

Load DPh with Immediate 

Load Accumulator with Memory 

Load Accumulator with DPl 

Load DPl with Accumulator 

Load Accumulator with W Register 

Store Accumulator to Memory then Increment DPl 

Load W Register with Accumulator 

Load Port Pointer with Accumulator 

Load Timerwith Immediate "0" (ClearTimer & TMF) 


1 
10 
1 1 
1 b l2 h lo 
1 b l2 h lo 
1 1 lo h lo 
10 10 10 
10 10 10 1 

10 10 10 
10 10 

1 10 
1 
10 110 
1 10 10 






X 


Exchange Accumulator with Memory 


10 110 






INA 

INL 

INM 

INW 

DCA 

DCL 

DCM 


Increment Accumulator 
Increment DPl 
Increment Memory 
Increment W Register 
Decrement Accumulator 
Decrement DPl 
Decrement Memory 


1 
10 10 111 
10 1110 1 
10 10 
1111 
10 10 110 
10 1110 






CAO 
RAL 


Complement Accumulator of One 
Rotate Accumulator Left through Carry 


10 10 
10 111 






AC 

AS 

AIS 

DAS 

CM 


Add Memory to Accumulator with Carry 
Add Memory to Accumulator, Skip if Carry 
Add Immediate to Accumulator, Skip If Carry 
Decimal adjust Accumulator in Subtraction 
Compare Accumulator with Memory 


10 1 10 
10 1110 
b l2 h lo 
10 110 10 
10 11110 






SMB 

RMB 

TAB 

TMB 

THB 

TTM 

TC 

SC 

RC 


Set Memory Bit 
Reset Memory Bit 
Test Accoumulator Bit 
Test Memory Bit 
Test H Port Bit 
Test Time flag 
Test Carry flag 
Set Carry flag 
Reset Carry flag 


1 1 1 1 h b 
1 1 1 1 1 h lo 
1 1 h lo 
1 1 1 h lo 
10 10 110 
10 10 1110 
10 10 
10 
10 1 




-1 


J 

JC 
JA 
CAL 

RT 


Jump 

Jump in Current Page 
Jump with Accumulator 
Call Subroutine 

Return from Subroutine 


1 1 ho l9 8 
|7 b b l4 b l2 h lo 

1 1 b U b b h lo 
10 11 
1 1 1 ho b 8 

l7 b b U b b h b 

10 1 10 1 




2 
2 


OTD 

OA 

OB 

OP 

0PM 

lA 

IB 

IK 


Output Table Data 

Output Accumulator to Port A 

Output Accumulator to Port B 

Output Accumulator to Port designated Port Pointer 

Output Memory to Port P designated Port Pointer 

Input Port A in Accumulator 

Input Port B In Accumulator 

Input Port K In Accumulator 


1110 1 
1110 10 
1110 11 
1110 10 
1110 110 
1 1 1 10 1 
11110 11 
111110 


1-15 


2 


NOP 


No Operation 


0000000 
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TYPICAL PERFORMANCE CURVES 

Output Current (Iql) TYP 



< 
E 

I 
O 



20 



15 



10 



O 5 



(Vdd = 5V, Ta = 25°C) 





/ 


^ 


(COMMON terminal) 




^ 




Tpa, PB, 


SYNC terminal) 


i 










/ 







-(SEGIV 


ENT terminal) 



Output Current (Iqh) TYP 





-10 








(Vdd = 5V, Ta = 25°C) 














^COMMON terminal) 








-8 


> 










1 




\ 








I 
o 


-6 




\ 








c 




\ 








£ 




■*^ 


> 


. ^(SYNC terminal) | 


o 


-4 




\.^ 








3 




\ 








o 










(SEGMENT terminal) | 




-2 

n 










1 






r:< 




<(PA,PB terminal) 

I 



3 5 7 

Output voltage Vq (V) 



1 3 5 7 

Output voltage Vq (V) 



10 



*THL - Cl Characteristic TYP 

1000 
800 

In 

C 

-J 
0) 

E 

I 400 

a 

O 200 



(Ta = 25° C) 



(Ta = 25°C) 























































vc 


)D=5V 







10 20 50 100 200 500 1000 

Load capacity Cl (pF) 



tjLH ~ Cl Characteristic TYP 



1000 
800 

s 

I 

H 600 

0) 

E 

I 400 

3 
Q. 

O 200 



10 20 50 ^06 200 500 1000 

Load capacity C^ (pF) 





















Vd 


D=5v/ 










y 










^ 


/ 
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*(OSC) "" Vdd Characteristic TYP 



f (OSC) ~ Ta Characteristic TYP 











(CL = 15pF,Ta = 25°C) 


12 

I 

I 10 

o 

c 

0) 

3 

? 6 








/ 








y 


1 








/ 






o 
o 

f • 

X 

CD 






/ 






























13 5 7 

Power supply voltage Vqd ^V) 



10 



•dD ~ Vqd Characteristic TYP 

(CL=15pF, Ta = 25°C) 
10m 



1m 



g100M 



10m 



1m 



O.lju 





\ 


^ 


^ 


^ 


















/ 


^ 






( 

/ 


)Hz/ 






4 


/ 







13 5 7 

Power supply voltage VpD ^V) 



10 



(Cl=15pF) 



12 



5 10 

O 
W 

o 



--^ 








^,^D=5V 


■"-^ 



























-50 



50 

Ambient temperature Ta (°C) 



100 



IdD - *(OSC) Characteristic TYP 

(CL = 15pF. Ta = 25°C) 




10m 



Q 
O 



1m 



lOOju 



10m 







/ 




Vdd=S 


y 


/ 







10K 100K 1M 

Clock frequency f(osc) ^^^^^ 



10M 
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CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER 



GENERAL DESCRIPTION 

OKI's MSM58422 is a low-power, high-performance 4-bit single-chip microcontroller imple- 
mented in complementary metal oxide semiconductor technology. 

Integrated within the one chip is a mask ROM of 1 536 x 8 bits, RAM of 40 x 4 bits, 1 input/out- 
put ports 11 -bit timer-counter, clock oscillator, 4-bit parallel arithmetic circuit, 40 static FLT drivers 
etc. 

MSM58422 has an instruction set which consists of 4-bit arithmetic Instructions, Boolean (bit) 
manipulation instructions (bit-set, bit-reset, bit-test), data input/output instructions, and 8-brt code 
translation (Table data out) instructions. 

Also the pseudo-bilateral ports are used for connection to the buses of other 8-bit systems. 



FEATURES 



Q 



• Low Power Consumption CMOS 4-bit 
One-Chip Microcomputer 

• 1 00% Static Logic 

• 1536 X 8 bits MASK ROM 

• 8-bit Interface Bus 

• 1 Stack Register 

• 52 Instructions 

• +5V Single Power Supply 



• 60-Pin Flat Package 

• Built-in 1 1 -bit Timer 

• 94% of the 52 Instructions and 1 Byte and 1 
Machine Cycle 

• Integrated with 1 Input/Output Ports and 40 
Static FLT Driver Circuit 

• PK and PH Input contain Schmidt Trigger 
Circuits 



FUNCTIONAL BLOCK DIAGRAM 



DATA RAM 40W 




\ DEC / 



I 10 STACK o| 



1 PA II PB II 


TIMING 


















1 






11, 








< 










, 




111 



PFLT6 PFTL5 PFLT4 PFTL3 PFLT2 PFTL1 



3 2 10 3 2 10 SROO VG 

™ ^^ N S C C D D 

C E 1 



OSC 4.1 94304 MHz. SYNC = 7.63 /usee 
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PIN CONFIGURATION 



LOGIC SYMBOL 



44 Pin Flat Package 




I PFLT3-e 

I PFLT 3-d 
"44l PFLT 3-c 
3ID PFLT 6-5 
"321 PFLT2-e 

\ PFLT 2-d 
~W\ PFLT2-C 

! PFLT2-g 
"381 PFLT 1 -e 
3D PFLTI-d 
~W] PFLT 1 -c 
30 PFLTI-g 
371 PFLT 5-1 
33l GND 

] 64H2 

] PK 



c3 w a tr cc Gc acua: ce cr ^ ^ n 
WluOOOO QOOOO^^id 
OccQ.Q.aQ->acLQ.a.Qom 



SYNC ^ 
TEST 



PORT H - 
PORT K - 

DIM [ ~ 



OSCo 
OSC. 



SYNC 
RESET 



DIM^ 
DIM? 



BUZZER 
64Hz 



PFLT1 a~g 
PFLT 2 a -g 
PFLT3a~g 
PFLT4a~g 
PFLT5a~g 
PFLT6 1 -5 






FLT DRIVE 
(OUTPUT) 



ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 ~ 7 


V 


Input Voltage 


V| 


Ta = 25°C 


-0.3- Vdd 


V 


Output Voltage (FLT) 


vo 


Ta = 25°C 


Vdd ~ 30 


V 


Power Dissipation 


Pd 


Ta = 25°C per 1 package 


200 


mW 


Ta = 25°Cper1 FLT 


8 




Storage Temperature 


Tstg 


- 


-55 -+125 


°C 



OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Supply Voltage 


Vdd 


f(OSC) =0 to 4.2 MHz 


4-6 


V 


Operating Temperature 


Top 


- 


-40 - +85 


°C 


Output Voltage (FLT) 


Vo 


- 


Vdd -26 


V 


Fan Out (excluding FLTs) 


N 


MOS Load 


15 




TTL Load 


1 
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DC CHARACTERISTICS 

(Vdd = 5V+1 0%, Ta = -40 ~ +85°C) 




\ Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage 


V|H 




3.6 






V 


"L" Input Voltage 


V|L 








0.8 


V 


"H" Output Voltage (1) 


VOH 


IO = -15/xA 


4.2 






V 


"H" Output Voltage (2) 


VOH 


\Q=-40fjLA 


4.2 






V 


"L" Output Voltage (3) 


Vol 


l0 = 1.6 mA 






0.4 


V 


OSCo Input Leak Current 


"lH/l|L 


V|=Vdd/OV 






10/-10 


fjiA 


Input Current (4) 


l|H/l|L 


V|=Vdd/OV 






1/-20 


fjiA 


"H" Output Current (1) 


«0H 


Vq = 0,4 V 






-1 


mA 


"H" Output Current (5) 


•oh 


Vo = 2.5V 


-0.26 






mA 


"H" Output Current (6) 


>0H 


Vo=3V 


-1 






mA 


"L" Output Current (3) 


lOL 


Vo = 0.4 V 


1.6 






mA 


FLT Output Leak Current 


iLO 


V0=VdD-26V 






-10 


mA 


Input Capacity 


C| 


f = 1 MHz, Ta = 25°C 




5 




PF 


Output Capacity 


Co 


f = 1 MHz,Ta = 25°C 




7 




PF 


Current Consumption 


'dd 


f = 4.2 MHz at no load 




2 


5 


mA 



Notes: (1) Applied to PA, PB 

(2) Applied to SYNC, BUZZER, 64 Hz and PFTL 

(3) Applied to PA, PB, SYNC, BUZZER and 64Hz 

(4) Applied to PH, RESET, DIM and PK 

(5) Applied to SYNC and 64Hz 

(6) Applied to BUZZER and PFLT 
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SWITCHING CHARACTERISTICS 

(VdD = 5V±1 0%, Ta = -40 ~ +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


SYNC Delay Time from 
Clock (OSCo) . 


Vd 


Cl = 60pF 






800 


ns 


Clock (OSCo) Pulse Width 


tc^WH 
VWL 




115 






ns 


Cycle Time 


TCY 




(1) 






/IS 


SINC Pulse Width 


tsw 




(2) 






/IS 


PA 

PB Data Valid Time 

PK 


tDV 


Cl = 60pF 


(3) 






/IS 


PA 

PB Data Invalid Time 

PK 


tDV 


Cl = 50pF 






(4) 


/IS 


Data Delay Time 


tDDS 


Cl = 50pF 






(5) 


ns 


Port H Set Pulse Width (8) 


tHW 




500 






ns 


64Hz Delay Time 
from SYNC 


tSFD 


Cl = 50pF 






2 


/IS 


BUZZER Delay Time 
from SYNC 


tSBD 


Cl = 50pF 






2 


/IS 


SEGMENT Delay Time 
from SYNC 


tSSD 


Cl = 50pF (8) 






2 


/IS 



Notes: (1) tcY=32x 1/f(0SC) 

(2) tsw = 4 X 1 /f (OSC) 

(3) tDV = 8 X 1/f(0SC) 

(4) tDIV = 16X1 /f (OSC) + 0-5 MS 

(5) tDDS = 26 X 1 /f (OSC) + 1 f^^ 



CLOCK (OSCo) /"^ 






t0WH 




^0\NL 




t0d 


rvj 


r^ 


^y^ 


\_> 


^A_AV 


SYNC 


/ 






r 


\ 
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SYNC 








._..(!) 










/ 


"tsw<2) 

< 


_^^ 






* (4) , (3) 


-| 


- ...« . 


— ^U^ mm 


(b) 

PA,PB,PK 

INPl IT MOnF ..—.... «.».».<..-».«.. 


INVALID A^^^"^ /C 


IN VALID 






;■ ■■■ 1 ■ ■ '" 

<5, _^ 




OUTPUT 
MODE 

PH 


Y OLD DATA X 


. NEW DATA 


-f 




-»- 




N 


r 



Notes: (6) When data input from PA or PB, set the contents of PA or PB to "1 " prior to reading in- 
struction. 
(7) Alteration by the instructions relative to output ports PFLT (It is in the case that the out- 
puts of open drain are pulled down to GND by a resistor below 20 kO). 



SYNC 



THB INSTRUCTION CYCLE 



/^ 



-T|NH- 



16x1/f(0SC) 



15x1/f(0SC) 1x1/f(0SC) 



Notes: (8) At execution of the THB Instruction, any input made during a period of T||sjh (15 x 
1 /f(oSC) shown in the above figure may be neglected. 
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SYNC 



BUZZER 



64Hz 



DIM1 DIM2 
L L 

H L 

L H 



1024 pulses 



32 pulses 



32 pulses 



JT 



.._Jl_n TL 



tSBD 






tSBD 



tSFD 



tSBD 



X 



3C 



)C 



tSBD 



tSFD 



:.';_";: :23( 



32 pulses 



h 

svN^ILfUULJl JUULfUUULiLfLfL 



SEG 



SEG \_ 

sio V 



tSSD 



tSSD 



tSSD 




Notes: (9) The waveform shown above is in lighting up state, in the case that that open-drain output 
of FLT driver is pulled down to GND by a resistor below 20 ka. 
DIM 1 and DIM 2 inputs must be in the state specified above. 
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DESCRIPTION OF TERMINALS 

GND(Pin33) 

Circuit grounding potential 

Vdd (Pin 23) 

Main power supply 
OSCo(Pln17) 

Input of the internal oscillation circuit at one 
side of the crystal resonator and ceramic 
vibrator. 

0SCi(Pln16) 

Output of the Internal oscillation circuit at the 
other side of the crystal resonator and ceramic 
vibrator (not TTL compatible) 

PA, PB (Pins 19-22 and 24 ~ 27) 

These are quasi-bidirectional ports for a 4-bit 
parallel I/O. To input data from these ports, it is 
necessary to write a "1" to them beforehand. 
When nothing is applied to their terminals, the 
content of the output ports is written into them, 
so they can also be used as registers. In addi- 
tion, it is possible to use them to make an 8-bit 
parallel output depending on instructions. 
PK(Pin31) 

1 -bit input port with no latching function. Con- 
tains Schmidt a Schmidt Trigger Circuit. 
PH(Pin14) 

Input port with latching function to be set by 
negative logical signal. 

This terminal is set at the time the negative 
logical signal is applied to it from the outside. It is 
reset automatically after execution of the test 
Instruction at this port. 
RESET (Pin 18) 

Reset must be active for greater than 1 
machine cycle. 

The RESET signal Input has priority over all 
of other signals and performs the following 
functions: 

(1 ) Resets all bits of the program counter; 

(2) Resets the latches of I/O ports PA, PB and 
output port PFLT6; 

(3) Resets the timer flag (TMF); 

(4) Resets the accumulator; 

(5) Resets the skip F/F circuit; 

(6) Resets the machine cycle to Ml; 

(7) Resets the output port PFLT5-1 to the data 
of 7 Seg PLA address 0; 

Since the RESET terminal is pulled up to Vpo 
by an internal resistor (approx. 800 kO), it Is 
possible to activate power ON/reset by 
connecting it to an external capacitor. 

SYNC (Pin 15) 

This is a general-purpose synchronizing 
signal output. The signal Is output at the 
beginning of each machine cycle. Output 
constantly, this signal is used also as ^ clock 
pulse to external units. 

One SYNC cycle is 32 times that of the 
original oscillation (8 ^s when the clock pulse is 
4 MHz). 
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PFLT 1 ~ 6 (Pins 1 ~ 1 3 and 34 ~ 60) 

These are 7-blt and 5-bit parallel output 
ports, respectively. They are used to directly 
drive an FLT (static type). Specification of each 
port is accomplished by the port pointer (PP), 
which is a 4-bit register and is set to the 
contents of the accumulator by the LPA 
Instruction. 

Latching data of each port is output through 
the logical AND operation with the DIMA signal 
(later described) and via buffer circuits. (When 
the data In the latch is 1 , DIMA is output. When it 
is 0, the output is at high impedance.) 



Content of PR 




b3 


b2 


bi 


bo 


Port Specified 


X 











PFLT1 


X 








1 


PFLT2 


X 





1 





PFLT3 


X 





1 


1 


PFLT4 


X 


'^ 








PFLT5 


X 


1 





1 


PFLT6-1 ~4 


X 


1 


1 





PFLT6-5, BI and BZ 


X 


1 


1 


1 


- 



X: Don't care 

BI: 7 Segment Decoder PLA Blank Input 

BZ: Control Signal output for the buzzer output 

The inputs with the latching function of ports 
PFLT1 ~5 are connected to the outputs of the 7 
segment decoder PLA and that of PFLT6 directly 
to the internal buses. 

DIIVI1,DilVI2(Pins28,29) 

Input terminals for the dimmer control of 
output ports PFLT1 -6. 

DIM1 DIM2 DIMA 





1 

1 



1/4 duty 

1 /8 duty 

1/1 6 duty 

1 



BUZZER (Pin 30) 

This terminal outputs the value of the logical 
AND operation between latching bit 2 of output 
port PFLT6 and the timer output (Q5). 

By externally connecting a resistor and a 
transistor, this BUZZER output terminal is used 
to control an alarm, buzzer etc. 

64 Hz (Pin 32) 

This is an output terminal, whose frequency 
is 1 /65536 of the OSCO. For example, when the 
frequency of oscillator is 4.194304 MHz, the 
frequency of the 64 Hz signal output is given 64 
Hz. 

This output pulse is used for adjusting the 
frequency. Its duty is 50%. 
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INSTRUCTIONS LIST 



Mnemonic 


Description 


Instruction Code 


Byte 


Cycle 


7 6 5 4 3 2 10 


CLA 

CLL 

CLH 

LAI 

LLI 

LHI 

L 

LAL 

LLA 

LAW 

SI 

LWA 

LPA 

LTI 


Clear Accumulator 

Clear DPl 

Clear DPh 

Load Accumulator with Immediate 

Load DPl with Immediate 

Load DPh with Immediate 

Load Accumulator with Memory 

Load Accumulator with DPl 

Load DPl with Accumulator 

Load Accumulator with W Register 

Store Accumulator to Memory then Increment DPl 

Load W Register with Accumulator 

Load Port Pointer with Accumulator 

Load Timer with Immediate "0" (Clear Timer & TMF) 


1 
1 
1 10 

1 l3 l2 h lo 

1 b l2 h lo 
1 1 lo h lo 
10 10 10 
10 10 10 1 

10 10 10 
10 10 
10 10 

1 
10 110 
110 10 






X 


Exchange Accumulator with Memory 


10 110 






INA 

INL 

INM 

INW 

DCA 

DCL 

DCM 


Increment Accumulator 
Increment DPl 
Increment Memory 
Increment W Register 
Decrement Accumulator 
Decrement DPl 
Decrement Memory 


1 
10 10 111 
10 1110 1 
10 10 
1111 
10 10 110 
10 1110 






CAO 
RAL 


Complement Accumulator of One 
Rotate Accumulator Left through Carry 


10 10 
10 111 






AC 

AS 

AIS 

DAS 

CM 


Add Memory to Accumulator with Carry 
Add Memory to Accumulator, Skip if Carry 
Add Immediate to Accumulator, Skip if Carry 
Decimal adjust Accumulator in Subtraction 
Compare Accumulator with Memory 


10 110 
10 1110 

l3 l2 h lo 

10 110 10 
10 11110 






SMB 

RMB 

TAB 

TMB 

THB 

TTM 

TC 

SC 

RC 


Set Memory Bit 

Reset Memory Bit 

Test Accoumulator Bit 

Test Memory Bit 

Test H Port Bit 

Test Time flag 

Test Carry flag 

Set Carry flag 

Reset Carry flag ^ 


1 1 1 1 h lo 
1 1 1 1 1 h lo 
1 1 h lo 
1 1 1 h lo 
10 10 110 
10 10 1110 
10 10 
1 
10 1 






J 

JC 
JA 
CAL 

RT 


Jump ^ 

Jump in Current Page 
Jump with Accumulator 
Call Subroutine 

Return from Subroutine 


1 1 ho l9 8 
b l6 Is U b l2 h lo 

1 1 Is l4 b l2 h lo 

10 11 

1 1 1 ho l9 8 
|7 b Is |4 b l2 h lo 

10 1 10 1 


2 
2 


2 
2 


OTD 

OA 

OB 

OP 

OPM 

lA 

IB 

IK 


Output Table Data 

Output Accumulator to Port A 

Output Accumulator to Port B 

Output Accumulator to Port designated Port Pointer 

Output Memory to Port P designated Port Pointer 

Input Port A in Accumulator 

Input Port B in Accumulator 

Input Port K in Accumulator 


1 1 10 1 
1110 10 
1110 11 
1110 10 
1110 110 
11110 10 
11110 11 
111110 


1-15 


2 


NOP 


No Operation 


00000000 







83 



miconcluctor 



MSM5847 



CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

OKI's MSM5847 microcontroller is a low-power, high performance single-chip device implement- 
ed in complementary metal oxide semiconductor technology. Integrated onto single chip are 1536 x 
8 bits of mask program ROM, 96 x 4 bits of data RAM, 7 Input/output lines, 1 output line, a timer, LCD 
Driver and oscillator. Program memory Is byte wide and data paths are organized in 4 bit nibbles. RAM 
is bit addressable. 43 instructions include binary, logical operations; bit set, reset, test; multifunction- 
al instruction (increment, skip); subroutine call and return. 95% of instructions are single byte, single 
cycle operations. 



FEATURES 




• Low Power Consumption 50 /aA Typical 

• 1 .5K X 8 Internal ROM 

• 96 X 4 Internal RAM 

• 7 I/O lines, 1 output line including 8 bit data 
bus 

• 13 bit Timer 

• Self-contained Oscillator 



FUNCTIONAL BLOCK DIAGRAM 



43 Instructions 

2 Stack Levels 

-20° to +70°C Operating Temperature 

3 V Operating VDD 

61 0/xs Cycle Time @32.768 kHz 

44 pin Flat Package 



• Chip Form 



DATA MEMORY (RAM) 


DSP RAM 


16X6X4bit 
W 






LCD DRIVER 
Timing 

1/3duty1/3bias 



odooooooioooooooooooow I 

22 20 18 16 14 1210987654321 
23 21 19 17 15 13 11 

\ 

Segment 
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LOGIC SYMBOL 



PIN CONFIGURATION 



-LJ. / ^ 

X32.768kHz 
... 



RESET - 



OSCo 
OSCT 



Vdd 



B3 

SEGMENT 



23 

34 Hz 

BUZZER 



COMMON 1 
COMMON 2 



Segment 

s 

Segment 23 



- 34 Hz Output 

- Buzzer Output 
. Synchronizecj 

Signal 

- Common 1 

- Common 2 

- Common 3 



44 Pin Flat Package 





0) 

„ . . oZ qW 

Jr rf rf rf > Q3 


c 

So6| 




CL q: CL CL CO > CD 


cc C/) 




mww 






Tf 00 (\ ^ 0) cc «- CD in '^ 






•^■^■^'tTrcococooococo 




PRnI 


1 /-s 33 

2 ^ 32 


1 Segment?? 


PBi 1 — H 




PB2I 


3 31 


1 Segment ?n 


PB31 


4 30 


1 Segment 1 9 


SeamentO 1 


5 29 




Segment 1 1 ■ 


6 28 




Seament2 1 


7 27 


ZII3 Segment 1 6 


Segments cm 


8 26 


1 Segment 1 5 




9 25 


ZZD Segment 1 4 


Segment 5 crd 


10 24 


=3 Segment 13 


Segments 1 


11 23 

CMCOrriOCDS.OOO>OT-CM 


ZZD Segment 1 2 




uuuuuuuuuuu 




■-- CM CO N Q Qr^ ,- 00 0) 


c c c ^ Z Qtr •^ r r "^ 


EEE« E<»EE<D 


CCfc 0)EC3)C3)E 


000 (UC3>(I)0C3) 




000 CO 


<D(/)(/)<D 






ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 26°C 


-0.3 ~ 7 


V 


Input Voltage 


V| 


-0.3- Vdd 


V 


Output Voltage 


vo 


-0.3- Vdd 


V 


Storage Temperature 


Tstg 


- 


-55 ~ +125 


°C 



OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Supply Voltage 


Vdd 


f{OSC) = 32.768 kHz 


2.7-3.3 


V 


Operating Temperature 


Top 


- 


-20 ~ +70 


°C 



85 



• IVISIVI5847*- 



AC CHARACTERISTICS 

(Vdd = 3V±1 0%, Ta = -20 ~ +70°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


SYNC Delay Time 
from Clock (OSCo) 


t0 


Cl = 50pF 


- 


- 


5 


/xS 


Clock (OSCo) Pulse Width 


t0WH 
t0WL 


- 


15 


- 


- 


flS 


Cycle Time 


tCY 


- 


Noted) 




- 


/xS 


SYNC Pulse Width 


tsw 


- 


Note (2) 


- 


- 


flS 


PA, PB Data Valid Time 


tDV 


- 


Note (3) 


- 


- 


/XS 


PA, PB Data Invalid Time 


tDIV 


CL=50pF 


- 


- 


Note (4) 


flS 


Data Delay Time 


tDDS 


- 


- 


- 


Note (5) 


/XS 



Note: (1) tcY =20 x 1/f (QSC) 

(2) tsw =2 X 1/f (QSC) 

(3) tDV = 4 X 1 /f (OSC) 

(4) tDiV =8 X 1/f (OSC)+20/xS 

(5) tDDS = 1 '^ X 1 /^ (OSC) + 40 /xS 



f(OSC) = 32.768kHz 

tCY =610/xS 

tsw =61/xs 

tDV = 1 22/xS 

tDIV = 264/xS 

tDDS =658.5/xS 



CLOCK(OSCo) 



SYNC 



t<^WH 

^ -► 



t(/)WL 
^ ► 



tPD 



r 



X 















tCY 












tsw ^ 




i 




SYNC 


/ 


r-> 


V 


^ 










tDIV 




tDV 


















PA, PB 
Input mode 






INVALID ) 


; VALID ) 




INVALID 










tPDS 
















PA.PB 
Output mode 


X 


OLD DATA 


> 

, 7 


[ NEW DATA 
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DC CHARACTERISTICS 

(Vdd = 3V± 1 0%, Ta = -20 ~ +70°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage 


V|H 




Vdd 

-0.2 


- 




V 


"L" Input Voltage 


V,L 


- 


- 


- 


0.3 


V 




Vo 


Applicable to 
Common 1 ~3 
Segment 0—23 





- 


0.2 


V 


*1 


Vi 


1/3 Vdd 

-0.2 


- 


1 /3 Vdd 
+0.2 


V 


Common, Segment 
Output Voltage 


V2 


2/3 Vdd 

-0.2 


- 


2/3 Vdd 

+0.2 


V 




V3 


Vdd 

-0.2 


- 


Vdd 


V 


"H" Output Voltage 
*2*3*4 


VoH 


Io = 1a^a 


Vdd 

-0.2 


- 


- 


V 


"L" Output Voltage *2 


Vol 


IO = VA 


- 


- 


0.2 


V 


"L" Output Voltage *3M 


Vol 


Iq = 1 mA 


- 


- 


1.0 


V 


OSCo Input Current 


l|H/l|L 


V|=Vdd/V|=OV 


- 


- 


5/-5 


/xA 


RESET Input Current 


l|H/l|L 


V|=Vdd/V|=OV 


- 


- 


1/-15 


/xA 


Current Consumption 


'dd 


Vdd = 3V 

/ = 32.768kHz, 

no load 


- 


60 


100 


^A 



Note: *1 Applicable to PAo~2, PBo~3, SYNC and 34 Hz 
*2 Applicable to PA3 
*3 Applicable to BUZZER 



Level of Output Voltage for Common, Segment 



J 



— V3 



•V2 



■- Vi 



•- Vo 
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< 
s 

X 

o 



TYP. Output Current (Ioh) vs Output 
Voltage (Vqh) ^or High-level State 

(Vdd=3V, Ta=25°C) 
-2.0 

-1.8 

-1.6 

-1.4 

-1.2 

-1.0 

-0.8 

-0.6 

-0.4 

-0.2 



































































34 


Hzt 


3rmi 


nal 














\ 


















s\ 


'NC 


ternr 


ijna 
















\ 


y 
















rs.f 


■Nk J 


\ 
















- COivi - 
termin 


al\ 
















SEG<: 

— r — ' 


^ 


1 1 1 1 
-PA, PB terminal 







12 3 



4 5 6 
VOH (V) 



7 8 9 10 



TYP. Output Current (Iql) vs Output 
Voltage (Vql) for Low-level State 



< 

E 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 



(Vdd=3V, Ta=25°C) 

































































































1 1 
PAa terminal 












/ 






















r 




BUZZER terminal 

1 1 




























^-^ 


"34 nz lermiriai 

PA„_ ^ PRn- 


1 1 1 1 
r, cjYNntfirminal 




--COM 


, SEG terminal 








1 



1 2 3 



4 5 6 

Vol (V) 



7 8 9 10 



TYP. Output Current (1 1, 1 2) vs 

Output Voltage (Vi, V2) for Middle 

-level State 

(Vdd=3V, T^=25°G) 
25 

20 

15 



Supply Current (Ipo) vs 
Supply Voltage (Vdd) 



_ 10 
< 

3- 5 

2 

-5 

-10 

-15 
-20 
-25 







/ 




















/ 
















\ 


/1 / 


/ 


















/v 


'/ 




















h 


DM, 


SEC 


3ter 


•min 


al 






/ 


/ 




, 














/ 


/ 


















/ 


/ 


















/ 


r 


















/ 





















1 23456789 10 
Vi,V2(V) 



10m 
5m 

1m 

500/x 

< 
Q 
-^ lOO^t 

50/^ 

10/Lt 

V 
500m 



100 



(Ta=25°G, No Load) 


















































































































































































































—/ 


:l(0 


SC)=32.76BKHzq 

1 1 I 1 n 


























y 




















^ 




















^ 


■^ 


Oh 


\Z 



















































































































































































































1 2 3 4 5 6 7 v8 9 10 
Vdd (V) 
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OLMS-50/60 SERIES 



^^K.1 semteonductor 

MSM5052 

CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
TEMPERATURE DETECTION CIRCUIT AND LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSS5052 is a low-power and high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4 bit ALU, 
1 8K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port, output port and CR oscillator for temperature detection. 

The MSM5052 is widely used in electronic products requiring low power operation, for example, 
thermometer and clinical thermometer with a time piece. 

FEATURES 



Low Power Consumption 3 ptA Typical 
1280 X 14 Internal ROM 
62 X 4 Internal RAM 

4 X 2 Input Port 

5 Output Port 

4 X 4 Key Matrix Input (K1 ~K4, Ml ~M4) 

26 LCD Driver 

(1 /2 Duty, 1 /2 Bias, 52 Segment) 



• 42 Instructions 

• 1 .5 V Operating Voltage 

• 32.768 kHz Crystal Oscillator 

• 1 22.1 ^s Instruction Cycle 

• -20 to 75°C Operating Temperature 

• 61 paddle 




FUNCTIONAL BLOCK DIAGRAM 



7y 




Ml A OUTPI 

) <, PORT 

M. N (M1~l 



OUTPUT 

PORT 

(M1~M4) 



:^ 



INPUT 
PORT 
(K1~K4) 



I^ 



INPUT 
PORT 
(SI ~S4) 




/ MPX \ 



T^ 



3M 



DINo 

DIN3 DATA RAM 
DOUTo 62 word x 4 bit 
DOUT3 
A6~A4 



A3~A0 

"TT" 



MPX 



JE 



H 



REGISTER 
\—^ 1 



i 



0SC1 - 
0SC2- 
OSC3- 






V REGISTER 



i 



DOUT,3~ DOUTo 



PROGRAM ROM 



^ 



OSCILLATOR 



VdD VsS, VsSj vcp vcm 



AC T, T2 T3 T4 Ts 



INSTRUC- 
TION 
DECODER 



^ 



SEGMENT 

OUT26 
COM1 
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LOGIC SYMBOL 



CHIP PAD LAYOUT 



OSCILLATION 



INPUT PORT 
(K1~-K4) 



OUTPUT PORT 
(M1~-M4) 



OUTPUT PORT 
RESET 



POWER SOURCE 






. . 


0SC1 


SEGMENT 




OSC2 


OUT1 


^— — ' 


0SC3 




' fc. 


31 


( 


— ^ 


S2 


\ 


— ~ 


S3 




-^ 


S4 


SEGMENT 


' ^ 


K1 


OUT26 


— -H 


K2 


C0M1 


ZH 


K3 
K4 


COM2 


'-. — 


Ml 


TH 


_ — 


M2 


R 


— — 


M3 


C 


^— — 


M4 


IN 


- — 


LD 




— - 


AC 


BD 




VDD 




— .. 


VSS1 


T1 


— — 


VSS2 


T2 


— — 


VCP 


T3 




VCM 


T4 
T5 



OSCILLATION 
CIRCUIT FOR 
TEMPERATURE 
DETECTION 

BUZZER OUTPUT 



SEGMENT OUT 




M2M3 M4LD K1 K2K3 K4 C 
CHIP SIZE 4.77 X 4.36 (mm) 



VDD 
VSS2 
VSS1 



PIN DESCRIPTION 



Designation 


Function 


vdd 


Circuit ground potential 


VSS1 


Power source (-1 .5 V) 


VSS2 


Power source for LCD driver (-3.0 V) 

This terminal is connected to Vdd terminal through a 0.1 /LtF capacitor. 


VCP. VcM 


Booster capacitor connection terminals 

Vcp terminal is connected to VcM terminal through a 0.1 /lcF capacitor. 


0SC1,0SC3 


Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 


T1 ~T5 


Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to VsSi- 
T4 is output. Test pins must be normally open. 


AC 


Terminal to clear internal logic pulled down to Vssi- 

After power is turned on, the MSM5052 must be reset by this terminal. 


BD 


Buzzer output 


TH.R,C,IN 


Terminal to CR oscillation circuit for temperature detection, 
fundamental resistor, thermistor, capacitor connection terminal. 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM5052 is given on 
page 91. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5052 user's manual. 

Program ROM 

The MSM5052 addresses up to 1.25 K 
words of internal mask programmable ROM. 
Each word consists of 14 bits and all 
instructions are one word. The instructions are 
routed to a programmed logic array which 
generates the signals necessary for control of 
logic. 

Data RAM 

Data is organized in 4 -bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified with page register, but direct 
addressing is available in Page 0. 

Column address is directly addressed by 
operand of various instructions. 

ALU 

The ALU performs 4-blt parallel operation on 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 

Program Counter (PC) 

The program counter is 1 1 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 

Input/Output Port 

Input Port (S1 ~ S4) 

The input port (SI ~ S4) is a 4 bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port is fetched by an input instruction. 



Input Port (K1 ~ K4) 

The Input port (K1 ~ K4) Is a 4 bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port Is fetched by an input instruction. 

Output Port (M1 ~M4) 

The output port (M1 ~ M4) is a 4 bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by an output instruction. 

Output Port (LD) 

The output port (LD) is single output port. 
This terminal is used for loading of Ml to M4 
data. 

Display Function 

The MSM5052 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1 /2 duty LCD and the common drive output 
terminal C0M1 and COM2. 

The segment drive circuit consists of the 
display data latch, multiplexer and driver. If the 
data is sent to the display data latch with a 
display instruction, the LCD drive waveform is 
output to the segment drive output terminal. 

Time Base 

The time base for the CPU is provided by 
connecting a 32.768 kHz crystal to the 0SC1 
and 0SC3 pins. One machine cycle is 1 22.1 /xs. 

A hardware divider up to 1 Hz is provided 
enabling programs to implement a clock function 
by counting signals between 1 6 and 1 Hz. 

Temperature Detection Circuit 

The temperature detection circuit is 
composed of an external thermistor, a 
fundamental resistor, a capacitor and a built-in 
CR oscillation circuit. 

Two types of temperature measurement 
circuit, as shown below, are availablOu 





IN 

c 

R 
TH 


MSM5052 
Thermometer 
(R, TH series) 


ni^V 


TH 




IN 

P MSM5052 

Clinical 
R Thermometer 
j^ (R, TH parallel) 



93 



• MSM5052 •- 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 1 


vdd-vssi 


Ta = 25°C 


-0.3 to +2.0 


V 


Supply Voltage 2 


VDD-VSS2 


Ta = 25°C 


-0.3 to +4.0 


V 


Input Voltage 


V|Ni 


Ta = 25°C 


VSS 1-0-3 to +0.3 


V 


Storage Temperature 


Tstg 




-55 to 125 


°C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


Vqd-VsSi 


1.: 


>5 to 1 .65 


V 


Operating Temperature 


Topr 




20 to 75 


°C 



DC CHARACTERISTICS 

(Vdd =0V, VsSi = -1 •55V. VsS2 



-3.0V, C| = 30kn, Ta = 25°C) 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


Power supply current 1 


'DDi 


Temperature sampling off 


- 


3.0 


- 


,xA 


Power supply current 2 


'DD2 


Temperature sampling on 


- 


100 


- 


^A 


Oscillation start 
voltage 


-vosc 


Within 1 seconds 
VsSi terminal 


1.45 


- 


- 


V 




'OHi 


VoHi=-0.2V 


-4 


- 


- 




Output current 1 
COM 


•OMi 


VoMi=VsSi±0.2V 


4/-4 


- 


- 


^k 




l0Li 


VoLi=-2.8V 


4 


- 


- 




Output current 2 


IOH2 


VOH2 = -0.2V 


-0.4 


- 


- 


fiA 


SEGMENT 


'OL2 


VOL2 = -2.8V 


0.4 


- 


- 


Output current 3 


IOH3 


VOH3 = -0.4V 


-400 


- 


- 


mA 


C.R.TH 


'OL3 


VOL3 = -1-15V 


400 


- 


- 


Output current 4 


IOH4 


VOH4 = -0.4V 


-100 


- 


- 


fJLA 


M1~M4 LD 


•OL4 


VOL4 = -1-15V 


10 


- 


- 


Output current 5 


JOH5 


VOH5 = -0.4V 


-50 


- 


-500 


mA 


BD 


'OL5 


VOL5 = -1-15V 


4 


- 


- 


Input current 


l|Hi 


V|Hi=OV 


1 


10 


100 


)LtA 


S1~S4 K1~k4 


«ILi 


V|Li= -1.55V 


- 


- 


-0.2 


Oscillator built-in 
capacitor 


CD 




- 


25 


- 


PF 
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L. 

r 

2 X-tal 


20 pF 
0.1 fiF 
3000 pF 
32.768 kHz 
10Kn 




VCP 
•N VCM 

^ 0SC3 

^ 0SC1 
TH 

VDD VSS1 VSS2 








C2 = 


^ 


C4 
11 




II 

^AAr- 

R 

1 wv- 

TH 




C1^ 


C1 
C2,C3 




Q 


^^1"^ 










C4 

X-tal 
R.TH 



TYPICAL APPLICATION 



LCD 



TH 



R2 



j-^^- 



C1 



-tT^iz — 

C2 ^ 

32.768 kHz 

C3£ 




COM2 SEGMENTS C0M1 



TH 

R 

IN 

C 

0SC1 

(CD=25pF) 

OSC3 

Vcp 

VCM 

VSS2 K4 S2 



MSM5052 



S4 



K2 K3 Ki 



2 



C4 cyo'o' 06000 

I M I ! f 11 



C/F S2 Si 



1 


2 


3 


4 


5 



Alarm output 




TH 40 BT-5 
40Kn±10%at25°C 
B = 3550±2% 

Ci = 680pF 
C2 = 5~35pF 
C3 = 0.1 /xF 

C4 = 0.1 fA.f 



*1. 
*2. 



Inner switch or pad on PCB 
Bonding option 



1 


Thermometer one- 
second sampling 


2 


Thermometer 1 0- 
second sampling 


3 


The highest 
temperature alarm 


4 


The lowest 
temperature alarm 


5 


Clock 
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DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


Instruction Code 


Operation 




13 12 11 10 9 8 7 6 5 4 3 2 1 




ADD ACC, AP 





P 


10 


A 


AP ^ (AP) + (ACC) 




ADD #D, AP 


1 


1 P 


D 


A 


AP ^ (AP) - D 




ADC AP 





P 


10 1 


A 


AP *- Decimal adjust 

{(AP) + (ACC) + (C)} 


c 
o 


SUB ACC, AP 





1 P 


10 


A 


AP — (AP) - (ACC) 


2 

K 
o 
o 


SUB #D, AP 


1 


1 1 P 


D 


A 


AP — (AP) - D 


SBCAP 





1 P 


10 1 


A 


AP ^ Decimal adjust 

{(AP)- (ACC) -(C)} 


E 


CMP ACC, AP 





1 P 


1110 


A 


(AP) - (ACC) 


"vl 

< 


CMP #D, AP 


1 


1 1 P 


D 


A 


(AP) - D 




INCAP 


1 


1 P 


1 


A 


AP *- (AP) + 1 




DECAP 


1 


1 1 P 


1 


A 


A ^ (AP) - 1 




XOR ACC, AP 





P 


111 


A 


AP — (AP)-V-(ACC) 




XOR #D, AP 


1 


1 1 1 p 


D 


A 


AP — (AP)YD 




BIT ACC, AP 





P 


1110 


A 


(AP) V (ACC) 


C 

o 


BIT #D, AP 


1 


1 P 


D 


A 


(AP) VF 


03 
is 


BIS ACC, AP 





P 


110 


A 


AP — (AP) V (ACC) 


o 


BIS#D,AP 


1 


P 


D 


A 


AP — (AP) V D 


m 


BIC ACC, AP 





1 P 


110 


A 


AP — (AP)A(ACC) 




BIC#D,AP 


1 


1 P 


D 


A 


AP — (AP)AD 


c 


ASRAP 





P 


11 


A 


•— (C)0-*(AP)-' 


CO 


ASL AP 





1 P 


11 


A 


(C)-(AP)-0 




CLZ 








10 10 





Z— 


c 
o 


CLC 








10 1 





C— 


2 




CLA 








1 1 1 





Z— 0,C— 




SEZ 





10 


10 10 





Z — 1 




SEC 





10 


1 0,0 1 





C-1 




SEA 





10 


10 11 





Z-1,C-1 




MOV ACC, AP 


1 1 


1 1 P 





A 


AP — (ACC) 




MOV ACC, AX 


1 1 


110 


X 


A 


AX - (ACC) 




'to 


MOV #D, AP 


1 


1 1 P 


D 


A 


AP— D 


2 


MOV AP, ACC 


1 1 


1 1 1 p 





A 


ACC - (AP) 


5 

CO 


MOV AX, ACC 


1 1 


1 1 1 


X 


A 


ACC — (AX) 


Q 


CHG AP 


1 1 


1 P 





A 


(ACC) — (AP) 




CHGAX 


1 1 


10 


X 


A 


(ACC) — (AX) 
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MSM5054 



CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM5054 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4-bit of ALU, 
1 4K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port and output port. 

The MSM5054 is widely used in electronic products requiring low power operation, for example. 
Clocks, Timers and Games. 



FEATURES 



Low Power Consumption 3 ixA Typical 

1024 X 14 Internal ROM 

62 X 4 Internal RAM 

6 Input Port 

4 Output Port 

4 X 4 Key Matrix Input (Si~S4,Mi~M4) 

44 LCD Driver 

(1 /2 Duty, 1 /2 Bias, 88 Segment) 



• 40 Instructions 

• 1 .5 V or 3 V Operating Voltage 
(Masking Option) 

• 32.768 kHz Crystal Oscillator 

• 1 22.1 /xs Instruction Cycle 

• -20 to 75°C Operating Temperature 

• 74 pad die 




FUNCTIONAL BLOCK DIAGRAM 



OI 



IQF 



c= 



^h: 



7T 



INPUT 
PORT 
(K.-Ks) 



^ 



INPUT 
PORT 

(S.-S4) 



/ MPX \ 



E^ 



DINo 

D»N3 DATA RAM 
DOUTo 62 word x 4 bil 
DOUT3 
A6~A4 



A3~A0 

"TV" 



MPX 



i^ 



JH 



IregisterI 



a 



-Afmt 
-v register 



ra 



A 7" 



D0UT,3~ DOUTo 



INSTRUC- 
TION 
DECODER 



DISPLAY 



V and 

-N DRIVER 



SEGMENT 
OUT, 
JsJ LATCH j— Nv ^ 

|— v^SEGMENT 
OUT44 
►COM, 
i-COM, 



vdd vssi VSS2 Vee Vcp Vcm 



AC Ti Tj T3 T4 T5 32Hz 
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LOGIC SYMBOL 



CHIP PAD LAYOUT 



OSCILLATION 







INPUT PORT 




(81-84) 




INPUT PORT 

(Ki,K2) 


• 

* 


OUTPUT PORT 


" 




(M i~M4) 




RESET 








POWER 
SOURCE 


* 











M2 
M3 
M4 

AC 

Vdd 

VsSi 
VS82 

Vee 

VCP 
VCM 



SEGMENT 
O0\Ti 



SEGMENT 
OUT44 

COMi 
COM2 

BD 
LD 



LCD 
DRIVER 



BUZZER 
" OUTPUT 
- LAMP OUTPUT 




COM2 GnrjCj 



SEG1 



SEGMENT OUTPUT 
CHipSIZE4.68x4.23(mm) 



PIN DESCRIPTION 



Designation 


Function 


Vdd 


Circuit ground potential 


VSS1 


Power source (-1 .5 V) 


VsS2 


Power source for LCD driver (-3.0 V) 

This terminal is connected to VpD terminal through a 0.1 /xF capacitor. 


Vee 


Power source for internal logic (-1 .5 to -3.0 V) 

This terminal is connected to Vpo terminal through a 0.1 /xF capacitor. 


VcP. VcM 


Booster capacitor connection terminals 

Vcp terminal is connected to VcM terminal through a 0.1 /xF capacitor. 


XT, XT 


Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 


Ti~T5 


Terminals to test internal logic, Ti ~T3 and Ts are pulled down to VsSv 
T4 is output. Test pins must be normally open. 


AC 


Terminal to clear internal logic pulled down to VsSi- 

After power is turned on, the MSM5054 must be reset by this terminal. 


BD 


Buzzer output 


LD 


Lamp output 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM5064 is given on 
page 97. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5054 user's manual. 

Program ROM 

The MSM5054 addresses up to 1 K word of 
internal mask programmable ROM. Each word 
consists of 1 4 bits, and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 

Data RAM 

Data is organized in 4-bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified by the page register, but direct 
addressing is available in Page 0. 

Column address is directly addressed by the 
operand of various instructions. 

ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 

Program Counter (PC) 

The program counter is 10 bits^wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch instruction. 

There is ao boundary in the ROM, so the 
Jump or Branch instruction can be put anywhere 
in the ROM. 



Input/Output Port 

Input Port (S1 ~S4) 

The input port (S1 ~ S4) Is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
VSS1 by an internal resistor, and the status of 
the port is fetched by the SWITCH instruction. 

Input Port (K1 ~K4) 

The input port (K1 ~ K2) is a 2-bit parallel 
input port. Each pin of the port is pulled down to 
^SSI by an internal resistor, and the status of 
the port is fetched by the KSWITCH instruction. 

Output Port (M1 ~ M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by a matrix instruction. 

Display Function 

The MSM5054 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD, and the common drive 
output terminal C0M1 and COM2. The segment 
drive circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the 
display data latch with a display instruction, the 
LCD drive waveform is output to the segment 
drive output terminal. 

Time Base 

The time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the XT and 
XT pins. One machine cycle is 1 22.1 /xs. 

A hardware divider of up to 1 Hz is provided, 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 1 


Vdd-vssi 


Ta = 25°C 


-0.3 to +2.0 


V 


Supply Voltage 2 


VdD - VsS2 


Ta = 26X 


-0.3 to +4.0 


V 


Supply Voltage 3 


Vdd-vee 


Ta = 25X 


-0.3 to +4.0 


V 


Input Voltage 


V|Ni 


Ta = 25°C 


VsSi-0.3to+0.3 


V 


Storage Temperature 


Tstg 




-55 to 1 25 


OC 



OPERATING CONDITIONS 



Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


vdd-vssi 


1 .25 to 1 .65 


V 


Operating Temperature 


Topr 


-20 to 75 


°C 



DC CHARACTERISTICS 

(Vdd =0V, Vss,. Vee = -1 -SSV, VsS2 = -3.0V, C| = 30kn, Ta = 25°C) 




Parameter 


Symbol 




u:^^ 


Limits 


Unit 


Conoiiii^ii 


Min. 


Typ. 


Max. 


Power supply current 


•dd 


^ 


- 


3.0 


- 


mA 


Oscillation start 
voltage 


-vqsc 


Withm 5 seconds 
Vss 1 terminal 


1.45 


- 


- 


V 




'OHi 


VoHi = -0.2V 


-4 


- 


- 




Output current 1 
COM 


lOMi 


VOMi=VsSi±0.2V 


4/-4 


- 


- 


/.A 




•OLi 


Vol 1 = -2.8V 


4 


- 


- 




Output current 2 


IOH2 


VoH2 = -0.2V 


-0.4 


- 


- 


mA 


SEGMENT 


IOL2 


VOL2 = -2.8V 


0.4 


- 


- 


Output current 3 


'OH3 


VOH3 = -0.4V 


VSS1=-1-25V 

Vee = -1.25V 

VSS2 = -2.4V 


-50 


- 


-500 


mA 


BD 


•OL3 


VOL3=-0.8V 


2.5 


- 


7.5 


Output current 4 


IOH4 


V0H4 = -0.55V 


VsSi=-1-25V 

Vee = -2.4V 

VsS2 = -2.4V 


-21 


- 


-83 


mA 


LD 


•OL4 


VOL4 = -1.16V 


1 


- 


"" 


Output current 5 


lOHs 


VOH5 = -0.5V 


-100 


- 


- 


mA 


Mi~M4 


'OLs 


VOL5 = -1.0V 


1.5 


- 


7.5 


Input current 1 


l|Hi 


V|Hi=OV 


1 


10 


50 


mA 


Sl~S4 


IIL1 


V|Li = -1.55V 


- 


- 


-0.2 


Input current 2 


IIH2 


V|H2 = 0V 


2.5 


6 


12 


mA 


Ki,K2 


IIL2 


V|L2 = -1.55V 


- 


- 


-0.2 


Oscillator built-in 
capacitor 


CD 




- 


20 


- 


PF 
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MEASURING CIRCUIT 
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Vee 

Vdd ^SSi 


VCP 

VCM 
>(T 
XT 


A 








c 


C4. 


= 


w 


- 


^l 


: 



XTAL 



Ci,C2,C3 : O.ImF 
C4 : 30pF 

XTAL : 32.768kHz 



TYPICAL APPLICATION 



S3 



-o o- 
-o o- 



S4 



00- 
o o- 



X-tal 






LCD 



COMi SEGMENTS COM2 



?2 
S3 

S4 



XT 
(CD=20pF) 



MSM5054 



XT 



VcP VcM AC 



vss 



LD 
BD 

vssi 

Vdd 
vee 



n;Ti 



i\- 



d=.C3 4: C4 



■^ B 



Lamp 



t^ 



Ci 

C2, C3, C4 

B 

L 



L 



' — IDH 



5~35pF 
O.l/xF 
1.5V 
20mH 
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DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


■ 

Instruction Code 


Operation 




13121110 9 8765432 10 




ADD AGC. AP 





P 


10 


A 


AP - (AP) + (ACC) 




ADD#D,AP 


1 


1 P 


D 


A 


AP-(AP)+D 




SUB ACC, AP 





1 P 


10 


A 


AP - (AP) - (ACC) 


o 


SUB#D,AP 


1 


1 1 P 


D 


A 


AP — (AP) - D 


2 


ADJUST N, AP 


1 1 


P 

• 


¥+1 


A 


AP-N adjust {(AP)) 


O 

.9 


CMP ACC, AP 





1 P 


1110 


A 


(AP) - (ACC) 


6 

£ 


CMP#D,AP 


1 


1 1 P 


D 


A 


(AP) - D 


< 


INCAP 


1 


1 P 


1 


A 


AP - (AP) + 1 




DECAP 


1 


1 1 P 


1 


A 


A - (AP) - 1 




XOR ACC, AP 





P 


111 


A 


AP — (AP)^(ACC) 




XOR#D.AP 


1 


1 1 1 p 


D 


A 


AP — (AP)VD 




BIT ACC, AP 





P 


1110 


A 


(AP)V(ACC) 


s 


BIT#D,AP 


1 


1 P 


D 


A 


(AP) V 


2 


BIS ACC, AP 





P 


110 


A 


AP V (ACC) 


o 


BIS#D,AP 


1 


P 


D 


A 


(AP) V D 


m 


BIC ACC, AP 





1 P 


110 


A 


AP A (ACC) 




BIC#D,AP 


1 


1 P 


D 


A 


APAD 


it 


ASRAP 





P 


11 


A 


kc)0-(AP)-J 


CO 


ASLAP 





1 P 


11 


A 


(C)-(AP)-0 




CLZ 








10 10 





Z-0 


o 


CLC 








10 1 





C-0 


2 

s 


CLA 








10 11 





Z — 0,C-0 


o 


SEZ 





10 


10 10 





Z-1 


CO 
LL 


SEC 





10 


10 1 





C-1 




SEA 





10 


10 11 





Z-1,C-1 


k_ 


MOV ACC, AP 


1 1 


1 1 P 





A 


AP - (ACC) 





MOV ACC, AX 


1 1 


110 


X 


A 


AX - (ACC) 


CC 


MOV#D.AP 


1 


1 1 P 


D 


A 


AP-D 


"co 


MOV AP, ACC 


1 1 


1 1 1 p 





A 


ACC - (AP) 




MOV AX, ACC 


1 1 


1110 


X 


A 


ACC - (AX) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 
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Mnemonic 


Instruction Code 


Oper3tion 




131211 


10 


9 


8 7 


6 


5 


4 


3 2 1 







JMPAdrs 


1 











^9 


ae 


az 


ae 


as 


a4 


33 32 3i 


ao 


PC— Adrs 




JMP @AP 

















p 


1 


1 





1 


A 


PC - (PC) + (AP) + 1 




JMPIO @AP 
















p 


1 


1 





1 


A 


PC-(PC) + ((AP)A7H)+1 


a 

E 

13 


BEQ +n 
BZE +n 





















1 





n4 


1^3 ^2 ^^ 


"o 


PC — (PC)+n+i:ifZ=1 




BNE +n 
BNZ +n 


















1 


1 





"4 


n3 ng ni 


Ho 


PC — (PC)+n+1,ifZ=0 




BCS +n 



























"4 


Ha ng ni 


Ho 


PC — (PC)+n+1,ifC=1 




BCC +n 


















1 








"4 


^3 Hj n^ 


"o 


PC — (PC)+n+1,ifC=0 




SWITCH AP 


1 


1 










p 











1 


A 


AP- INPUT PORT (Si~S4) 




KSWITCH AP 


1 


1 










p 








1 





A 


AP — INPUT PORT (Ki ~ K2) 


3 

a 


MATRIX AP 


1 


1 







1 


p 








1 





A 


OUTPUT PORT (Ml ~M4) 
-(AP) 


3 

o 

3 


MATRIX Mn 

























1 





M4M3M2 


Mi 


OUTPUT PORT (Mi~M4) 
-Mn(n=1,2,3,4) 


Q. 

C 


BUZZER freq., 
sound 



















1 


1 








ba b2 bi 


bo 


Freq — freq, Mreg — sound 
Buzzer st3rt 




BSO 



















1 


1 














Buzzer stop 




LAMP ON/OFF 




























1 


bi 


bo 


LD ON/OFF 




DSP digit. AP 








1 







p 


digit 


A 


Digit -(AP),(ACC) 


CO 


FORMAT AP 


1 


1 







1 


p 








1 


1 


A 


FMT reg. - (AP) 


a 
w 

Q 


FORMAT N 

























1 


1 


N 


FMT reg. - N 




DSPF digit, AP 








1 







p 


digit 


A 


Digit — (AP)vi3t3ble 




HALT 





































H3lt 




INTENAB 
32/16 
























1 





1 


1 




1 




1 
1 






Enable timer 


CO 


sz 

6 

o6 


INTDSAB 
32/16 
























1 





1 


1 




1 




1 




1 


Disable timer 


INTMODEAP 


1 


1 










p 





1 








A 


AP — Interrupt mode 


o 


PAGE AO 


1 


1 







1 








1 





1 


A 


Preg - (AO) 


O 

o 


PAGE N 






















1 





1 


N 


Preg - N 


a. 
o 


RATE AP 


1 


1 










p 


1 








1 


A 


AP — DIVIDER (8 Hz~1 Hz) 




RSTRATE 



















1 











1 





DIVIDER (8 Hz~1 Hz)-0 




BACKUP 
ON/OFF 




























1 


bs b2 





Backup ON/OFF 




NOP 






































No operation 
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MSM5055 



CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM5055 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4 bits of 
ALU, 25K bits of mask programmable ROM, 384 bits of data RAM, crystal oscillator, voltage doubler, 
timer, LCD driver, input port, output port and interface circuit for voice LSI (MSM621 2). 

The MSM5055 is widely used in electronic products requiring low power operation, for example, 
multi-functioned watches, voice synthesizer watches and games. 

FEATURES 




• Low Power Consumption 3 /xA Typical 

• 1792 X 14 Internal ROM 

• 96 X 4 Internal RAM 

• 4 X 2 Input Port 

• 4 X 1 Output Port 

• 4 X 4Key Matrix Input (K1~K4, Ml ~M4) 

• 60 LCD Driver 

(1 /2 Duty, 1 /2 Bias, 1 20 Segment) 



• 42 Instructions 

• 1 .5 V or 3 V Operating Voltage 
(Masking Option) 

• 32.768 kHz Crystal Oscillator 

• 122.1 /aS Instruction Cycle 

• -20 to 75°C Operating Temperature 

• 94 pad die 



FUNCTIONAL BLOCK DIAGRAM 



BUZZER 
DRIVER 



57:^ 



^-^ OUTPUT 
^ PORT |<^ 
„ (M1~M4) 



K1 INPUT L^^ 

I [H^PORT -v> 
K4 (K1 ~K4) 



i.^ 



INPUT 
PORT 
(S1 -S4) 



T-H. 



^ ACC 



la 



7T 



A 



X 
^ 



DINO 
DIN^ 



DATA RAM 
96 word X 4 bit 



DOUTO 
D0UT3 
A6~-A4 



MPX \ / MPX 

5— ?ts: 



SL 



S 



ITJi. 



7\ 



REGISTER 



^ 



^ 



PROGRAM 
COUNTER 



^ 



DOUT13~DOUT0 



PROGRAM ROM 
1792 word x 14 bit 



INSTRUC 

TION 

DECODEF 



=0 

^;;^ DISPLAY "A 

LATCH -/ SEGMENT 



-* C0M1 
-.► COM2 



VDD VSS2 VCP 



AC T1 T2 T3 T4 T5 
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LOGIC SYMBOL 



CHIP PAD LAYOUT 

















SEG60 












COM, 
VDD 


"^S 


nnnnnnnnn n n n nn pdppdsdl 


MK 


SEG31 

VDD 

VSS2 




















r — - 


g 


SEGMENT 




XT 








VCP 


OSnil 1 ATION [. 


0UT1 


— - 








laiHsHu"! 


VCM 


r -. 


S1 


/ 


/ 




XT 


:^|^H 




■HnHnl 




INPUT PORT 


S2 


( 












^^Bl^^^^ 




(S1 ~S4) - 


S3 
S4 


) 


) 


LCD DRIVER 


XTOUT 


.rrjiHi 




HHIn 


Si 

S4 


- ^ 


K1 


SEGMENT 






AC2 






^■■■^K** 




INPUT PORT — - 


K2 


OUT60 


" 




82 






IBflH^si 


VSS1 


(K1 -~K4) ■ 


K3 
K4 


C0M1 
COM2 


^J 




S3 

VEE 






^H^^K^ 


BD 


f~ 


Ml 


BD 


— ^ BUZZER OUTPUT 


K, 






HHmNKuj 


LD 


OUTPUT PORT 

(M1~M4) — 


M2 
MS 


LD 


— ^ LAMP OUTPUT 


K2 
K3 


MnHB 




SHkp 


AC 




M4 




— ^ RESET 












LOAD 


LO 


XTOUT 
AC? 


K4 


WM 




nnniij 


Ti 

T2 


RESET 


AC 










^^BBta» 






r— ^ 


VDD 






Ml 


nimMI 




^^^Hm 








VSS1 


T1 


-. — 










^^^niii 




POWER SOURCE 


■ — 


VSS2 
VEE 


T2 
T3 


" 


TEST 


M2 






HHh 








VCP 


T4 






M3 






^SKd 


T3 




L — — 


VCM 


T5 


- — ^ 




M4 

Lo 
COM2 


n^isfw 






T4 

Ts 
SEG30 






r'^M^^ 














UULjuUULjljLjCjUUDJljUULjUUUL 








SEG1 














SEGMENT OUTPUT 










CHIPSIZE5.49X4.71 (mm) 






PIN DESCRIPTION 



Designation 


Function 


Vdd 


Circuit ground potential 


Vssi 


Power source (-1 .5 V) 


VSS2 


Power source for LCD driver (-3.0 V) 

This terminal is connected to Vqd terminal through a 0.1 /xF capacitor. 


Vee 


Power source for internal logic (-1 .5 to -3.0 V) 

This terminal is connected to VpD terminal through a 0.1 piF capacitor. 


Vcp. VcM 


Booster capacitor connection terminals 

Vcp terminal is connected to Vcm terminal through a 0.1 /xF capacitor. 


XT, XT 


Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 


T1 ~T5 


Terminals to test internal logic, TI ~ T3 and T5 are pulled down to VsSi- 
T4 is output. Test pins must be normally open. 


AC 


Terminal to clear internal logic pulled down to Vssi- 

After power is turned on, the MSM5055 must be reset by this terminal. 


BD 


Buzzer output 


LD 


Lamp output 


LO 


Load data terminal of M i to M4 


AC2 


Reset terminal for external circuit 


XTOUT 


Clock output for external circuit 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM5055 is given on 
page 104. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5055 user's manual. 

Program ROM 

The MSM5055 addresses up to T K word of 
internal mask programmable ROM. Each word 
consists of 1 4 bits, and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 

Data RAM 

Data is organized in 4-bit nibbles. Internal 
data RAM consists of 62 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified by the page register, but direct 
addressing is available in Page . 

Column address is directly addressed by the 
operandof various instructions. 

ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an Immediate digit. It sets or resets the flags (Z, 
C) depending on the condition. 

Program Counter (PC) 

The program counter is 10 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of the Jump or Branch Instruction. 

There is no boundary in the ROM, so the 
Jump or Branch instruction can be put anywhere 
in the ROM. 



Input/Output Port 

Input Port (S1 ~S4) 

The input port (SI ~ S4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
VSSI by an internal resistor, and the status of 
the port is fetched by the SWITCH instruction. 

Input Port (K1 ~K4) 

The input port (K1 ~ K2) is a 2-bit parallel 
input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port is fetched by the KSWITCH instruction. 

Output Port (Ml ~ M4) 

The output port (Ml ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of the data latches 
are rewritten by a matrix instruction. 

Display Function 

The MSM5055 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD, and the common drive 
output terminal C0M1 and COM2. The segment 
drive circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the 
display data latch with a display instruction, the 
LCD drive waveform is output to the segment 
drive output terminal. 

Time Base 

The time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the XT and 
XT pins. One machine cycle is 1 22.1 /xs. 

A hardware divider of up to 1 Hz is provided, 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 1 


vdd-vssi 


Ta = 25°C 


-0.3 to +2.0 


V 


Supply Voltage 2 


Vdd-Vss2 


Ta = 25°C 


-0.3 to +4.0 


V 


Supply Voltage 3 


Vdd-vee 


Ta = 25°C 


-0.3 to +4.0 


V 


Input Voltage 


V|Ni 


Ta = 25°C 


VsSi-0.3to+0.3 


V 


Storage Temperature 


Tstg 




-55 to 1 25 


°C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


Vdd-vssi 


1. 


25 to 1 .65 


V 


Operating Temperature 


Topr 




20 to 75 


X 



DC CHARACTERISTICS 

(VDD =0V, Vss,. Vee = -1 -SSV, Vssa = -3.0V, C| = 30kn, Ta = 25°C) 



Parameter 


Symbol 


r*/-M-i 


^:4.:^~^ 


Limits 


Unit 


L/OnUlllUMS 


Min. 


Typ. 


Max. 


Power supply current 


>DD 


, 


- 


3.0 


- 


mA 


Oscillation start 
voltage 


-vosc 


within 5 seconds 
Vssi terminal 


1.45 


_ 


- 


V 




l0Hi 


VoHi=-0.2V 


-4 


- 


- 




Output current 1 
COM 


>OMi 


VOMi=VsSi±0.2V 


4/-4 


- 


- 


mA 




l0Li 


VoLi=-2.8V 


4 


- 


- 




Output current 2 


IOH2 


VOH2=-0.2V 


-0.4 


- 


- 


mA 


SEGMENT 


•0L2 


VoL2 = -2.8V 


0.4 


- 


- 


Output current 3 


IOH3 


VOH3 = -0.5V 


-10 


- 


- 


mA 


AC2 LOAD, XTOUT 


IOL3 


VOL3 = -105V 


10 


- 


..,_ 


Output current 4 


IOH4 


VOH4 = -0.5V 


-100 


- 


- 


AtA 


M1~M4 


IOL4 


VOL4 = -10V 


1.5 


- 


12.7 


Output current 5 


IOH5 


V0H5 = -0.55V 


VsSi=-1-25V 

Vee = -2.4V 

VSS2 = -2.4V 


-21.6 


- 


-83 




LD 


'OLs 


VOL5 = -1-15V 


1 


- 


- 


mA 


Output current 5 


lOHe 


VOH6 = -0.4V 


VsSi=VEE 

=-1.25V 
VSS2=-2.4V 


-50 


- 


- 




BD 


>0H6 


VOL6 = -0.8V 




5 


;-- 


AiA 


Input current 1 


l|Hi 


V|Hi=OV 


1 


10 


60 


^A 


Si~S4 


•lLi 


V|Li= -1.65V 


- 


- 


-0.2 


Input current 2 


hH2 


V|H2 = 0V 


2.5 


6 


;1 2 


mA 


Ki~K4 


hL2 


V|L2 = -1.55V 


- 


- 


-0.2 


Oscillator built-in 
capacitor 


CD 


, 


- 


20 




PF 
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MEASURING CIRCUIT 





















Vee 

Vdd VsSi 




VCP 
VCM 

XT 

XT 






:i:c3 












^L 




a XTAL 




C4i 


®(£^ 


1 


: 








CI . 

C4 

X-ta 


C2. 

1 


C3 : 0.1 /xF 
: 30 pF 
: 32.768 kHz 



TYPICAL APPLICATION 



S3 



-o o- 
-o o- 



00- 
-o o- 



X-tal ^ 



LCD 



COMi SEGMENTS COM2 



Si 
S2 
S3 
S4 

XT 

(CD=20pF) 



MSM5055 



XT 



VcP VcM AC 



vss. 



LD 

BD 
VsSi 

Vdd 
Vee 



=^C:, 



=^C4 



Lamp 



Ci 

^2/ C3, C4 

B 

L 



■-HI 



L 



DH 



5 - 35pF 
0.1mF 
1.5V 
20m H 
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DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


Instruction Code 


Operation 




131211 


10 


9 


8 7 


6 6 


4 


3 2 10 




ADD ACC, AP 

















p 





1 





A 


AP - (AP) + (ACC) 




ADD #D. AP 





1 


1 








p 


D 


A 


AP - (AP) + D 




SUB ACC, AP 














1 


p 





1 





A 


AP ^ (AP) - (ACC) 


1 


SUB #D, AP 







1 





1 


p 


D 


A 


AP-(AP)-D 


ii! 
d 


ADJUST N, AP 


1 













p 


N + 1 


A 


AP-N adjust {(AP)) 


o 
o 


CMP ACC, AP 














1 


p 


1 


1 1 





A 


(AP) - (ACC) 




E 


CMP#D,AP 










1 


1 


p 


D 


A 


(AP) - D 


sz 
< 


INCAP 







1 








p 








1 


A 


AP - (AP) + 1 


DECAP 







1 





1 


p 








1 


A 


A - (AP) - 1 




XOR ACC, AP 

















p 





1 1 


1 


A 


AP-(AP) ^ (ACQ) 




XOR #D, AP 







1 


1 


1 


p 


D 


A 


AP-(AP) -Y- D 




BIT ACC, AP 

















p 


1 


1 1 





A 


(AP) V (ACC) 


c 
o 


BIT#D,AP 










1 





p 


D 


A 


(AP)VD 


CO 


BIS ACC, AP 

















p 





1 1 





A 


AP V (ACC) 


o 


BIS#D,AP 
















p 


D 


A 


(AP) V D 


m 


BICACCAP 














1 


p 





1 1 





A 


AP A (ACC) 




BIC #D. AP 













1 


p 


D 


A 


AP A D 




ASR AP 

















p 





1 




A 




^ 


MC) 0-(AP)-> 


CO 


ASL AP 














1 


p 





1 




A 


(C)-(AP)-0 




CLZ 






















1 








Z-0 


c 
.2 


CLC 






























C-0 


(0 

8. 


CLA 






















1 







Z— 0,C— 


o 

CD 


SEZ 














1 







1 








Z — 1 


CO 
LL. 


SEC 














1 















C-1 




SEA 














1 







1 







Z-1,C-1 




MOV ACC, AP 


1 1 









p 











A 


AP - (ACC) 


o 

CO 


MOV ACC, AX 


1 1 















X 




A 


AX — (ACC) 


c 

CC 


MOV #D, AP 


1 









p 


D 


A 


AP — D 


CO 


MOV AP, ACC 


1 1 






1 


p 











A 


ACC - (AP) 


o 


MOV AX, ACC 


1 1 






1 








X 




A ^ 


ACC - (AX) 




JMPadrs 


1 








aio 


ag 


as 


az 


ae as 


34 


Q.Q B.2 ^1 Sq 


PC *- adrs 


a 


JMP @AP 

















p 


1 


1 


1 


A 


PC — (PC) + (AP) + 1 


b 

—3 


JMPIO @AP 














1 


p 


1 


1 


1 


A 


PC — (PC) + {(AP) A 7H ) +1 




BEQ +n 
BZE +n 











1 


1 








1 


n4 


Ha ng ni no 


PC — (PC)+n+1,ifZ=1 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




131211 


10 9 


8 7 


6 5 


4 3 2 1 





Q. 

E 

-3 


BNE +n 
BNZ +n 











1 1 





1 


1 


n4 


Hg ^2 ni 


"o 


PC^(PC)+n+1,ifZ=0 


BCS +n 


d 








1 1 











n4 


ng ng n^ 


"o 


PC-(PC)+n+1,ifC=1 




BCC +n 











1 1 





1 





n4 


ng ^2 n^ 


no 


PC-(PC)+n+1,ifC=0 




SWITCH AP 


1 


1 





1 


p 








1 


A 


AP — INPUT PORT (S1 ~ S4) 




KSWITCH AP 


1 


1 





1 


p 





1 





A 


AP — INPUT PORT (K1 ~ K4) 




MATRIX AP 


1 


1 





1 1 


p 





1 





A 


OUTPUT PORT (Ml - M4) 
MAP) 


a 

3 

o 


MATRIX Mn 











1 








1 





M4M3M2 


Mi 


OUTPUT PORT (Ml ~M4) 
^Mn(n=1, 2,3,4) 


a 


XTCP ON/OFF 











1 





1 








bi 


bo 


XTOUT ON/OFF 


c 


FREQN 











1 





1 


1 


1 


N 


Freq-N 




BUZZER sound 











1 





1 


1 





ba b2 1 





Mreg ^^ sound. Buzzer start 




BSO 











1 a 





1 


1 











Buzzer stop 




LAMP ON/OFF 











1 











1 


bi 


bo 


LD ON/OFF 




DSP digit, AP 








1 





p 


digit 


A 


Digit (Low part)— (AP), (ACC) 




DSPH digit, AP 








1 


1 


p 


digit 


A 


Digit (High part) - (AP), (ACC) 


>% 


FORMAT AP 


1 


1 





1 1 


p 





1 


1 


A 


FMTreg.-(AP) 


a 

CO 


FORMAT N 











1 








1 


1 


N 


FMT reg. - N 


Q 


DSPF digit, AP 








1 


1 


p 


digit 


A 


Digit (Low part)— (AP) 
via table 




DSPFH digit, AP 








1 


1 1 


p 


digit 


A 


Digit (High part) - (AP) 
via table 




HALT 











1 




















Halt 




INTENAB 
32/16 











1 





1 


1 




10 





Enable timer 













1 








1 





1 







INTDSAB 
32/16 











1 





1 


1 




10 





Disable timer 


CO 











1 








1 








1 




INTMODEAP 


1 


1 





1 


p 





1 





A 


AP^' Interrupt mode 


6 


PAGEAO 


1 


1 





11 








1 




A 


Preg — (AO) 


2 


PAGE N 











1 








1 




N 


Preg-N 


c 
o 


ADRS AP 


1 


1 





1 1 


p 





1 1 





A 


Areg-(AP) 




ADRSN 











1 








1 1 





N 


Areg-N 


u 


RATEAP 


1 


1 





1 


p 


1 







A 


AP ^ DIVIDER (8 Hz-1 Hz) 




RSTRATE 











10 





1 








1 





DIVIDER (8 Hz-1 Hz)^0 




BACKUP 
ON/OFF 











1 













b3 b2 





Backup ON/OFF 




NOP 
































No operation 
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^^I^I semiconductor 

MSM5056 

f : 

CMOS 4BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH 
LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM5056 is a low-power, high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU, 
26K bits of mask programmable ROM, 360 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port, output port and overcharge protection circuit for connection to a solar cell. 

The MSM5056 is widely used in electronic products requiring low power operation, for example, 
solar calculator watches and games. 

FEATURES 



• Low Power Consumption 3 /lcA Typical 

• 1792 X 14 Internal ROM 

• 90 X 4 Internal RAM 

• 4lniDutPort 

• 4 Output Port 

• 4 X 4 Key Matrix Input (Ki~K4,Mi~M4) 

• 38 LCD Driver 

(1 /2 Duty, 1 /2 Bias, 88 Segment) 



42 Instructions 
"1 .5 V Operating Voltage 
(The solar cell can be connected.) 
32.768 kHz Crystal Oscillator 
1 22.1 jLts Instruction Cycle 
-20 to 75°C Operating Temperature 
68 pad die 




FUNCTIONAL BLOCK DIAGRAM 



BUZZER 
DRIVER 



7T 



•.^ LAMP f^ 

DRIVER \i 1 



OUTPUT 
.) 



'7/1 ^wru. I 

^ V-PORT (~ 
■^4 (M.--M4) 



Ki . INPUT 

i CZppORT 
•^4 (Ki~K4) 



=^ 



Bl 






DINo 
DINa 



DO^UTo 
DOUT3 
A6~A4 



DATA RAM 
90word X 4bit 



/mpx\ 



_lz 



[registerI 



uy: 



HE 



osc, - 

0SC2-" 
OSCa^ 



M 



FMT 
REGISTER 



TIMING 
GENERATOR 



Q 



-V PROGRAM 
COUNTER 



ZUZ 



D0UTi3~ DOUTo 
-N Ao 

~n ' PROGRAM ROM 
^10 1792 word X 14 bit 



^ 



INSTRUC 

TiON 

DECODER 



Z^ DISPLAY 
LATCH 
^ and 
DRIVER 



SEGMENT 
OUTi 

H\ ' 

-/SEGMENT 
OUT38 
-»>COMi 
^COMj 



VDD VSS2 Vsc VCM 
VSSi VEE VCP V|N 



AC Ti T2 T3 T4 Ts 
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LOGIC SYMBOL 



CHIP PAD LAYOUT 



OSCILLATION 




OSCi 

0SC2 
0SC3 


SEGMENT 
OUT, 


»-| 




SEG38 
COM1 
OSC3 






s 


\ 




OSC2 


r — " 


Ki 


LCD 


OSCi 


INPUT PORT " 


K2 


SEGMENT 




DRIVER 




(Ki~K4) * 


K3 


OUT38 


B- 




VDD 




K4 


COMi 
COM2 


— " 




AC 


>-. 








VCP 


OUTPUT PORT 


M2 






VCM 


(M,~M4) ■; 


M3 


BD 


►BUZZER OUTPUT 




M4 










LD 


► LAMP OUTPUT 


T4 


RESET — — 


AC 






Ts 


^ 


vnn 










--* 


v.ss, 




"^ 








^ 


yss2 
Vee 
vsc 


T2 








POWER 




T3 


► 


TEST 




SOURCE 




It 


", ' 












* 


VCP 
VCM 
VjN 




SEG1 


ADJUSTMENT f 


jr - 


SOLAR CELL CRAMP 






' 




VOLTAGE 









SEGMENT OUTPUT 




SEG8M, M2 Ms M4 Ki K2 Ka K4 SEG9 
CHIPSIZE6.42x4.13(mm) 



PIN DESCRIPTION 



Designation 


Function 


Vdd 


Circuit ground potential 


Vssi 


Power source (-1 .5 V) 


Vsc 


Solar cell connection terminal 


VSS2 


Power source for LCD driver (-3.0 V) 

This terminal is connected to Vpo terminal through a 0.1 yJF capacitor. 


Vee 


Power source for internal logic (-1 .5 to -3.0 V) 

This terminal is connected to Vdd terminal through a 0.1 /x-F capacitor. 


VCP» VcM 


Booster capacitor connection terminals 

Vcp terminal is connected to VcM terminal through a 0.1 ^tF capacitor. 


XT,XT 


Input and output terminals of oscillator inverter, 
32.768 kHz crystal Is connected to these terminals. 


Ti~T5 


Terminals to test internal logic, Ti ~ Ts and Ts are pulled down to V3S v 
T4 is output. Test pins must be normaly open. 


AC 


Terminal to clear internal logic pulled down to Vss i- 

After power is turned on, the MSM5066 must be reset by this terminal. 


BD 


Buzzer output 


LD 


Lamp output 


V,N 


Adjustment for solar cell cramp voltage 

This terminal is connected to VsSi terminal through 50 ~ 200 kH resistor. 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM5066 is given on 
page 111. Eacli block of logic will be briefly 
discussed. For more information, please refer to 
the MSM5056 user's manual. 

Program ROM 

The MSM6056 will address up to 1.75 K 
words of internal mask programmable ROM. 
Each word consists of 14 bits and all 
instructions are one word. The instructions are 
routed to a programmed logic array which 
generates the signals necessary for control of 
logic. 

Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 90 nibbles. 

The RAM Is addressed by page address and 
column address. Normally page address is 
specified with the page register, but direct 
addressing is available at Page 0. 

Column address is directly addressed by the 
operands of various instructions. 

ALU 

The ALU performs 4-bit parallel operation of 
RAM and AC contents, or RAM contents and an 
Immediate digit. It sets or resets the flags (Z, C) 
depending on the condition. 

Program Counter (PC) 

The program counter Is an 11 -bit wide 
counter and specifies the address of the 
program ROM. 

The PC is incremented by one at every 
execution of an instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of a Jump or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 

Input/Output Port 

input Port (K1 ~ K2) 

The input port (K1 ~ K4) is a 4-bit parallel 
Input port. Each pin of the port is pulled down to 
Vssi by an internal resistor, and the status of 
the port can be fetched by an input instruction. 

Output Port (Ml ~ M4) 

The output port (Ml ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers. The contents of data latches are 
rewritten by an output instruction. A key matrix 
is used in combination with K1 to K4. 



i^xyo-^ 



X. 



4- — 6MMM> 



Ml I M2 






M4 



H 



Ka. 



K4 



Display Function 

The MSM5056 is provided with a segment 
output terminal which can directly drive a 1/2 
bias, 1/2 duty LCD and common drive output 
terminals. C0M1 and COM2. The segment drive 
circuit consists of the display data latch, 
multiplexer and driver. If the data is sent to the 
display data latch with the display instruction, 
the LCD drive waveform is output to the segment 
drive output terminal. 

Time Base 

Time base of the CPU is provided by 
connecting a 32.768 kHz crystal to the 0SC1 
and 0SC3 pin. One machine cycle is 1 22.1 /us. 

A hardware divider up to 1 Hz is provided 
enabling programs to implement and a clock 
function by counting signals between 16 and 1 
Hz. 

Solar Cell Overcharge Protection Circuit 

When a solar cell is connected to prolong the 
usefull life of the battery, a resistor is inserted 
between the V|n pin and Vssi to adjust the 
overcharge protection voltage. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 1 


Vdd-VsSi 


Ta = 25°C 


-0.3 to +3.0 


V 


Supply Voltage 2 


vdd - Vsc 


Ta = 26°C 


-0.3 to +3.5 


V 


Supply Voltage 3 


VdD - VSS2 


Ta = 25°C 


-0.3 to +6.0 


V 


Supply Voltage 4 


Vdd-vee 


Ta = 25°C 


-0.3 to +6.0 


V 


Input Voltage 


V,N. 


Ta = 25°C 


VsSi-0.3to+0.3 


V 


Storage Temperature 


Tstg 




-55 to 1 25 


°C 



OPERATING CONDITIONS 



Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


Vdd- Vss 1 


1 .25 to 1 .65 


V 


Operating Temperature 


Topr 


-20 to 75 


°C 




DC CHARACTERISTICS 

(Vdd =0V, VsSi. Vee = -1 -SSV, VsSj = -3.0V, C| = SOkn, Cq = 30pF, Ta = 25°C) 



Parameter 


Symbol 






Limits 


Unit 


C/Onditiun 


Min. 


Typ. 


Max. 


Operating voltage 1 


-vssi 


Vss 1 terminal 


1.25 


1.55 


2.0 


V 


Operating voltage 2 


-Vsc 


Vsc terminal 





2.0 


3.0 


V 


Power supply current 


»DD 


Vss 1 terminal 


- 


3.0 


- 


fxfK 


Oscillation start 
voltage 


-vosc 


Within 10 seconds 
VsSi terminal 


1.45 


- 


- 


V 




'OHi 


VOHi=-0.2V 


-4 






mA 


Output current 1 
COM 


l0Mi 


VoMi=VsSi±0.2V 


4/-4 


- 


- 




l0Li 


VOLi=-2.8V 


4 


- 


- 




Output current 2 


iOH2 


VOH2 = -0.2V 


-0.4 


- 


- 


AtA 


SEGMENT 


•0L2 


VOL2 = -2.8V 


0.4 


- 


- 


Output ciurrent 3 


IOH3 


Vss 1. Vee -1.25V 


VOH3-0.4V 


-100 


- 


- 


/xA 


Mi~M4 


'OL3 


VSS2-2.3V 


VOL3-0.85V 


3 


- 


8 


Output current 4 


«0H4 


VOH4 = -0.4V 


-50 


-100 


-200 


AcA 


BD 


«0L4 


VOL4 = -1-15V 


3 


10 


30 


Input current 


l|Hi 


V|N = -OV 


5 


10 


15 


/xA 


Ki~K4 


«ILi 


V|N = -1.55V 


- 


- 


-0.2 


Oscillator built-in 
capacitor 


CD 




- 


20 


- 


PF 


Solar battery cramp 
resistor 


R|N 


Vss 1 = -1.8V 
VjN terminal 


50 


- 


200 


kO 
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fe 



(►— W- 



vsc 



VSS1 

V|N 

0SC10SC3VCP VcM VsS2 V^e 

C2 ^^J ^^J 



5P 



IX 



X-tal 



Ci : 30pF 

C2/C3, C4 : 0.1 juF 
X-tal : 32.768kHz 



TYPICAL APPLICATION 




LCD 



COM2 SEGMENT COMi 



MSM5056 



BD 



LD 



VsSi 
VpD 

Vsc 
V,N 
VCP VcM VSS. VEE OSCi OSC3 AC 



L?|lJ C2iC3i .^ f^ 

IH -r -rCn 32.768 n 



TR1 



TR2 



CP 



* T *1 

solar J_ ^ 
cell T 



y^ 



kHz 



e-' 



Cq : 5 ~ 35pF 
Ci,C2,C3: O.ImF 
TR1,TR2 : hfe » 200 
TR2 

B : 1.5V 

R : 50 ~ 200kn 



VCEo > 35V 
20~30mH 



115 



• MSM5056 •- — 

DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


Instruction Code 


Operation 




13 12 11 10 9 8 7 6 5 4 3 2 1 




ADD ACC, AP 





COOP 


10 


A 


AP ^ (AP) + (ACC) 




ADD #D, AP 


1 


10 OP 


D 


A 


AP — (AP) - D 




ADCAP 





P 


10 1 


A 


AP "— Decimal adjust 

{(AP) + (ACC) + (C)} 


§ 


SUB ACC, AP 





6 1 p 


10 


A 


AP — (AP) - (ACC) 


CO 

o 
o 


SUB #D, AP 


1 


1 1 P 


D 


A 


AP — (AP) - D 


SBC AP 





1 P 


10 1 


A 


AP'^ Decimal adjust 

{(AP)- (AGO) -(C)} 


E 


CMP ACC, AP 





1 P 


1110 


A 


(AP) - (ACC) 


< 


CMP #D, AP 


1 


1 IP 


D 


A 


(AP) - D 




INCAP 


1 


1 P 


1 


A 


AP — (AP) + 1 




DECAP 


1 


1 1 P 


1 


A 


A — (AP) - 1 




XOR ACC, AP 





P 


111 


A 


AP — (AP)^(ACC) 




XOR #D, AP 


1 


1 1 1 p 


D 


A 


AP-(AP)VD 




BIT ACC, AP 





P 


1110 


A 


(AP) V (ACC) 


c 
o 


BIT #D, AP 


1 


1 P 


D 


A 


(AP) V D" 


^ 


BIS ACC, AP 





P 


110 


A 


AP — (AP) V (ACC) 


o 


BIS #D, AP 


1 


P 


D 


A 


AP - (AP) V D 


E 


BIC ACC, AP 





1 P 


110 


A 


>P — (AP)A(ACC) 




BIC #D, AP 


1 


1 P 


D 


A 


AP — (AP)AD 


« 


ASRAP 





P 


11 


A 


L- (C)0-(AP)~> 


fe 


ASLAP 





1 P 


11 


A 


(C)-(AP)-0 




CLZ 








10 10 





Z— 


c 
o 


CLC 








10 1 





C— 


to 

1 

o 


CLA 








10 11 





Z— 0,C— 


SEZ 





10 


1 1 





Z — 1 


(0 
LL 


SEC 





10 


10 1 





C — 1 




SEA 





10 


10 11 





Z — 1,C — 1 




MOV ACC, AP 


1 1 


1 1 P 





A 


AP — (ACC) 




MOV ACC, AX 


1 1 


110 


X 


A 


AX -(ACC) 




In 


MOV #D, AP 


1 


1 1 P 


D 


A 


AP— D 


2 


MOV AP, ACC 


1 1 


1 1 1 p 





A 


ACC - (AP) 


to 


MOV AX, ACC 


1 1 


1 1 10 


X 


A 


ACC — (AX) 


O 


CHGAP 


1 1 


1 P 





A 


(ACC) ^ ► (AP) 




CHGAX 


1 1 


1 


X 


A 


(ACC)^ ^(AX) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




13 12 11 


10 


9 


8 7 


6 5 


4 3 2 1 







JMP adrs 


1 








aio 


39 


as 


ay 


ae as 


34 


83 82 81 


ao 


PC ^ adrs 




JMP @AP 

















P 


1 


1 


1 


A 


PC — (PC) + (AP) + 1 




JMPIO @AP 
















P 


1 


1 


1 


A 


PC-(PC) + {(AP)A7Hl + +1 




BEQ 4-n 
BZE +n 





















1 


"4 


n3 ng n 1 


no 


PC — (PC)+n + 1,if Z = 1 


a. 

E 


BNE +n 
BNZ +n 


















1 


1 


n4 


Ha n2 ni 


no 


PC — (PC)+n + 1,if Z = 


-> 


BCS +n 
BLT +n 





















1 


n4 


ns 02 ni 


no 


PC — (PC)+n + 1,ifC = 1 




BCC +n 
BGE +n 


















1 


1 


n4 


na n2 ni 


no 


PC — (PC)+n + 1,if C=0 




BGT +n 





-0 












1 


1 1 


n4 


na n2 ni 


no 


PC — (PC)+n + 1,ifZ=0 
andC = 




BLE +n 





















1 1 


n4 


na n2 n 1 


no 


PC — (PC)+n + 1,ifZ = 1 
orC = 1 




INP Port, AP 


1 


1 










p 


Port 


A 


AP — (Port) 


3 Q. 


OUT AP, Port 


1 


1 









p 


Port 


A 


Port - (AP) 


^O 


OUT #D, Port 



















Port 


D 


Port — D 


(0 

Q. 
w 

5 


DSP digit, AP 








1 








p 


digit 


A 


digit — (AP),(ACC) 


DSPF digit, AP 








1 







p 


digit 


A 


digit — (AP) via table 


o 


HALT 


































Halt CPU 


§8 


NOP 



































No Operation 
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MSM6051 



CMOS 4BIT HIGH PERFORMANCE SINGLE CHIP VERY LOW POWER 
MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

OKI's MSM6051 is a low-power and high-performance single-chip microcontroller employing 
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU, 
35K bits of mask programmable ROM, 480 bits of data RAM, crystal oscillator, voltage doubler, timer, 
LCD driver, input port and output port. 

The MSM6051 is widely used in electronic products requiring low power operation, for example, 
stopwatches with lap time memory, calculator watches and handy terminals. 



FEATURES 




• Low Power Consumption 3 ju,A Typical • 

• 2560 X 14 Internal ROM • 

• 1 20 X 4 Internal RAM 

• 9 Input Port • 

• 4 Output Port • 

• 4 X 4 Key Matrix Input (K1 ~K4, M1 ~M4) • 

• 66 LCD Driver (including 3 common) • 
(1/3 Duty, 1 /3 Bias, 1 89 Segment) 



59 Instructions 

1 .5 V or 3 V Operating Voltage 

(Masking Option) 

32.768 kHz crystal Oscillator 

91 .5 fjLS Instruction Cycle 

-20 to 75°C Operating Temperature 

101 paddle 



FUNCTIONAL BLOCK DIAGRAM 



MELODY 
CIRCUIT 



3GT 



TV 



M4 
LO 



i <!z OUTPUT 



J o 



INPUT 
PORT 
(K1-K4) 






j O PORT => 

S-. ^^ (S1-S4) ^^ 



INPUT 
PORT 
(OPTION) 



IL 



fl 



ACC 
Main 



ACC 
Inter- 
rupt; 



^ '"!T => 



I — "^ din6 



V^ 



/ MPX \ 



DOUTO 
D0UT3 

A6~A4 



IT 



DATA RAM 

1 20 word X 4 bit 

A3~-A0 



/ MPX 

TTTT 



H 



:k 



P REG 11 P REG I 
JMAIN II INT I 



~\ / MPX \ 

TV TTTV 



ET 



|register| 



^ 




TIMING 
GENERATOR 



STACK C 



DOUT 13 -DOUTO 



PROGRAM ROM 
256 word x 1 4 bit 



INSTRUC- 
TION 
DECODER 



DISPLAY 
LATCH 
and 
DRIVER 



SEGMENT 
0UT1 



O.J. 



SEGMENT 

OUTee 



VSS1 VSS3 VCP 



VDD VSS2 , VEE 



AC T1 T2 T3 T4 T5 32 Hz 
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LOGIC SYMBOL 



CHIP PAD LAYOUT 



OSCILLATION 



INPUT PORT 
(S1 ~S4) 



INPUT PORT 
(K1 ~K4) 



OUTPUT PORT 
(Ml ~M4) 



LOAD 
RESET 



POWER SOURCE 



C-l^ 



SEGMENT 
0UT1 



S1 

S2 

S3 

S4 

K1 

K2 

K3 

K4 

OPTION 

Ml 

M2 

M3 

M4 

LO 

AC 

VDD 

VSS1 

VSS2 

VSS3 

VEE 

VCP 

VCM 



SEGMENT 
OUT66 



XTOUT 
AC2 



32Hz 
T1 
T2 
T3 



BUZZER OUTPUT 
LAMP OUTPUT 
CLOCK PULSE 
OUTPUT 
RESET 





'[irinq 


nmc 


jcqqqq 


qqpi^^P 


;jnpii;:!i;:: 


mnmpppL 


-P" 


SEG60 






bS&bbb 




irianHHi 




mss^ 


Sfl i 


VDD 






^^^1 




^^^H 




HHIiMI 


ft. J 


XI 






^Mffl 




HHH 




^H 


l^' 


XT 






IHHH 




gBimi 




Q^j^ 


^c 


XTOUT 


















AC2 






^^^^1 




ffl^^^H 




H^^l 


iff 1 


82 


P'LiibBJI 




HHRIfli 




I^^^^B 




yy^^l 


vQ 


S3 


tS 1 




nm 




mil 




nm 


W] 


VEE 






HHHI 




^^^^^s 




■H^v 


S:*"n 


VCH 






mRnnHI 




HHHSSh 




H^HI 


^1 


K1 


















K2 






BDHHB 




^^^^H 




mum 


[Ig 


K3 






^^^^H 




^^^^H 




^^^H 


W ] 


K4 


~^jwH 




HHH 




l^^^^l 




mmi 


'Mri 


M1 






I^^Ih 




H^HI 




HRk! 


W ■ 


M2 


















M3 


r-flSH 




HDHU 




■OHHH 




IHHr 


^1 1 


M4 


















LO 






nHH 




Mpjlll 




[l|||i'llL 


*''"i 


SEG1 


dddC 


uuur 


jmEHu 


mnSic 


SlitiEr 


uhiaOr 


jLJDd 


-"^y■■y 



SEGMENT OUTPUT 
CHIP SIZE 5.85 X 4.10 (mm) 



SEG34 

OPIN 

VDD 

VSS2 

VSS3 

VCP 

VCM 

S1 

S4 

VSS1 



T5 

32 Hz 
SEG33 



PIN DESCRIPTION 



Designation 


Function 


Vdd 


Circuit ground potential 


VsSi 


Power source (-1 .5 V) 


VSS2 


Power source for LCD driver (-3.0 V) 

Tliis terminal is connected to Vdd terminal through a 0.1 /aF capacitor. 


VsSs 


Power source for LCD driver (-4.5 V) 

This terminal is connected to Vdd terminal through a 0.1 fiF capacitor. 


Vee 


Power source for internal logic (-1 .5 to -3.0 V) 

This terminal is connected to Vdd terminal through a 0.1 /xF capacitor. 


VCP« VciVI 


Booster capacitor connection terminals 

Vcp terminal is connected to Vqm terminal through a 0.1 fxF capacitor. 


XT, XT 


Input and output terminals of oscillator inverter, 
32.768 kHz crystal is connected to these terminals. 


Ti~T5 


Terminals to test internal logic, Ti ~ Ts and Ta are pulled down to VsSi- 
T4 is output. Test pins must be normally open. 


AC 


Terminal to clear internal logic pulled down to VsSi- 

After power is turned on, the MSM6051 must be reset by this terminal. 


BD 


Buzzer output 


LD 


Lamp output 


LO 


Load data terminal of M i to M4. 


AC2 


Reset terminal for external circuit. 


XTOUT 


Clock output for external circuit. 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM6051 Js given on 
page 1 1 8. Each block of logic will be briefly 
discussed. For more Information, please refer to 
the MSM6051 user's manual. 

Program ROM 

The MSM6051 addresses up to 2.5 K words 
of internal mask programmable ROM. Each word 
consists of 14 bits, and all Instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 

Data RAM 

Data is organized in 4 bit nibbles. Internal 
data RAM consists of 1 20 nibbles. 

The RAM is addressed by page address and 
column address. Normally page address is 
specified the with page register, but direct 
addressing is available at Page 0. 

Column address is directly addressed by 
operand of various instructions. 

ALU 

The ALU performs 4-bit parallel operation of 
RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the flags (Z, 
C, G) depending on the condition. 

Prograni Counter (PC) 

The program counter is 12 bits wide and 
specifies the address of the program ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next Instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of a Jump, Call or Branch instruction. 

There is no boundary in the ROM, so a Jump 
or Branch instruction can be put anywhere in the 
ROM. 

Stack 

The MSM6051 has a 3 level stack apart from 
data RAM. The contents of the PC are loaded 
into the stack when a call instruction is executed 
or an interrupt is generated. 



Input/Output Port 

Input Port (S1 ~S4) 

The input port (SI ~ S4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
VsSi by an internal resistor, and the status of 
the port Is fetched by a SWITCH instruction. 

Input Port (K1 ~ K4) 

The input port (K1 ~ K4) is a 4-bit parallel 
input port. Each pin of the port is pulled down to 
VsSi by an internal resistor, and the status of 
the port Is fetched by a KSWITCH instruction. 

Input Port (OPIN) 

The input port (OPIN) is single input port. 
OPIN is pulled down to VsSi by an internal 
power save circuit, and the status of the port is 
fetched by an input instruction. 

Output Port (Ml - M4) 

The output port (M1 ~ M4) is a 4-bit parallel 
output port. This port consists of data latches 
and buffers, and the contents of data latches are 
rewritten by a matrix instruction. 

Display Function 

The MSM6051 is provided with the segment 
output terminal which can directly drive a 1/3 
bias, 1/3 duty LCD, and the common drive 
output terminals C0M1 , COM2 and COM3. 

The segment drive circuit consists of the 
display data latch, multiplexer and driver. If the 
data is sent to the display data latch with the 
display Instruction, the LCD drive waveform is 
output to the segment drive output terrnlnal. 

Time Base 

The time base of the CPU is provided by 
connecting 32.768 kHz crystal to the XT and XT 
pin. One machine cycle is 91 .5 ^is. 

A hardware divider up to 1 Hz is provided 
enabling programs to implement a clock function 
by counting signals between 32 and 1 Hz. 

Also, a 1/100 second digit counting function 
is provided as a hardware feature to make for 
easy implementation of a stopwatch function. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


1 

Conditions 


Limits 


Unit 


Supply Voltage 1 


Vdd-vssi 


Ta = 25°C 


-2.0 to +0.3 


V 


Supply Voltage 2 


Vdd-vss2 


Ta = 25°C 


-4.0 to +0.3 


V 


Supply Voltage 3 


vdd-vss3 


Ta = 25°C 


-6.0 to +0.3 


V 


Supply Voltage 4 


Vdd-vee 


Ta = 25°C 


-4.0 to +0.3 


V 


Input Voltage 


V|Ni 


Ta = 25°C 


VsSi-0.3to+0.3 


V 


Storage Temperature 


Tstg 




-55 to 1 25 


°C 


OPERATING CONDITIONS 


Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


Vdd-vssi 


1 .25 to 1 .65 


V 


Operating Temperature 


Topr 


- 


20 to 75 


°C 



DC CHARACTERISTICS 

(VDD =0V, VsSi, Vee = -1 -SSV, VsS2 = -3.0V, VsSs = -4.5V, C| = 30kn, Ta = 25°C) 



Parameter 


Symbol 






Limits 


Unit 


Condiuuns 


Min. 


Typ. 


Max. 


Power supply current 


'dd 


Vss terminal 


- 


3.0 


- 


ixk 


Oscillation start 
voltage 


-vosc 


Within 5 seconds 
VsSite'''^'nal 


1.45 


- 


- 


V 




•OHi 


VoHi=-0.2V 


-4 


- 


- 




Output current 1 


iOMHi 


VOMHi=VsSi±0.2 


4/-4 


- 


_ 


^J.^ 


COM 


•OMLi 


VOMLi=VsS2±0.2 


4/-4 










l0Li 


VOLi=-4.3V 


4 




- 






>0H2 


VoH2 = -0.2V 


-4 




- 




Output current 2 


»0MH2 


VOMH2 = VsSi±0.2 


4/-4 


- 


- 


fik 


SEGMENT 


>0ML2 


VOML2=VsS2±0.2 


4/-4 


- 


- 




'OL2 


VOL2 = ~4.3V 


4 


- 


- 




Output current 3 


«0H3 


VOH3 = -0.5V 


-10 


- 


- 


/xA 


AC2 LOAD XTOUT 


IOL3 


VOL3 = -1-15V 


10 


- 




Output current 4 


IOH4 


VOH4 = -0.5V 


-100 


- 


- 


AiA 


Mi~M4 


J0L4 


VOL4 = -10V 


2 


- 


10 


Output current 5 
LD 


IOH5 


V0H5 = -0.55V 


VsSi=-1-25V 

Vee = -2.0V 

VSS2 = -2.0V 


-1 2.5 


-25 


-83 


f.A 


>0L5 


V0L5= -0.85V 


1 


- 


- 


Output current 6 
BD 


•OHe 


V0H6 = -0.55V 


VsSi=-1-25V 

Vee = -2.0V 

VSS2 = -2.0V 


-17 


-30 


-62 


ftA 


JOLe 


V0L6= -0.85V 


- 


5 


- 
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Parameter 


Symbol 


Conditions 


Limits 


Unit 


MIn. 


Typ. 


Max. 


Input current 1 


i|Hi 


V1H1-OV 


2 


20 


100 


/.A 


Sl~S4 


l|Li 


V|Li=-1.55V 


- 




-0.2 


Input current 2 


'IH2 


V|H2 = 0V 


5 


13 


26 


/.A 


Ki~K4 


»IL2 


V|L2 = -1.55V 


- 


- 


-0.2 


Input current 3 


IIH3 


V|H3 = 0V 


- 


30 


45 


mA 


OPIN 


IIL3 


V|L3 = -1-55V 


- 


- 


-0.2 


Oscillator built-in 
capacitance 


CD 




- 


20 


- 


PF 



MEASURING CIRCUIT 



CI 







w^r^ 






vor 
VCM 

XT 
VEE XT 

VDD VSS1 VSS2 VSS3 


C4=i= 








^ 




C5:^ 


■ 


(^^ 


: C2j_ C3 

T T 





01 .02 


03 


04 


:0.1 /xF 


05 






:30pF 


X-tal 






: 32.768 kHz 



TYPICAL APPLICATION 



SI 



S2-L-, 

o o- 



S3 



S4" 



X-talJT" 
cm 



01 



LOD 




SEGMENTS OOM1toOOM3 



SI 
S2 
S3 
S4 

XT 
(Od=20 pF) 



MSM6051 



XT 
VOP VOM Ac VSS2 VsS: 



LD 

BD 
VsSi 

vdd 
Vee 



02 



I r^n i-> 



03 



04 



01 

02 to 05 

B 

L 



^ B 



05 



5~35pF 
0.1 ^lF 
1.5 V 
20 mH 



Lamp 



L 



Dh- 
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DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


Instruction Code 


Operation 




131211 


10 


9 


8 7 


6 5 


4 


3 2 10 




ADD ACC, AP 

















p 





1 





A 


AP - (AP) + (ACC) 




ADD #D, AP 





1 


1 








p 


D 


A 


AP - (AP) + D 




ADCAP 

















p 





1 


1 


A 


AP^ Decimal adjust 

{(AP) + (ACC) + (C)) 




ADCN AP 


1 


1 











p 


N 


A 


AP-N adjust ((AP) + (C)) 




SUB ACC, AP 














1 


p 





1 





A 


AP - (AP) - (ACC) 


c 


SUB #D. AP 





1 


1 





1 


p 


D 


A 


AP — (AP) - D 


.2 

<D 


SBCAP 














1 


p 





1 


1 


A 


AP ^ Decimal adjust 

((AP)- (ACC) -(C)} 


o 

O 


SBCN AP 


1 


1 








1 


p 


N 


A 


AP ^N adjust {(AP) -(C)} 


F 


CMP ACC. AP 














1 


p 


1 


1 1 





A 


(AP) - (ACC) 




CMP#D,AP 





1 





1 


1 


p 


D 


A 


(AP) - D 


< 


INC AP 


1 


1 


1 








p 











A 


AP — (AP) + 1 




INC AX 


1 


1 


1 














X 




A 


AX — (AX) + 1 




DECAP 

■ 


1 


1 


1 





1 


p 











A 


AP ^ (AP) - 1 




DEC AX 


1 


1 


1 





1 








X 




A 


AX — (AX) - 1 




XOR ACC, AP 

















p 





1 1 


1 


A 


AP - (AP) -y- (ACC) 




XOR #D, AP 





1 


1 


1 


1 


p 


D 


A 


AP — (AP) -V D 




BIT ACC, AP 

















p 


1 


1 1 





A 


(AP) V (ACC) 


§ 


BIT#D,AP 





1 





1 





p 


D 


A 


(AP)VCI 





BIS ACC, AP 

















p 





1 1 





A 


(AP)V(ACC) 


& 


BIS #D, AP 





1 











p 


D 


A 


(AP) V D 


CD 


BIC ACC, AP 














1 


p 





1 1 





A 


(AP) A (ACC) 




BIC#D,AP 





1 








1 


p 


D 


A 


(AP) AD 


sr 


ROR AP 

















p 





1 





A 


L— (C)-(AP)— J 


CO 


ROLAP 














1 


p 





1 





A 


L— (C)-(AP)-J 


T1 


ASRAP 

















p 





1 




A 


L— (C)O-(AP) ^ 


CC 


ASLAP 














1 


p 





1 




A 


(C)-(AP)-0 




CLZ 






















1 








Z-0 


c 
.2 


CLC 






























C-0 


2 



CLG 































G-0 


a 
o 


CLA 






















1 







Z-0,C— O.G-0 


CO 
Ll. 


SEZ 














1 







1 








Z — 1 




SEC 














1 















C-1 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




13 12 11 10 9 8 7 


6 


5 4 3 2 1 




SEG 








10 


1 











G - 1 




SEA 








10 


1 





1 1 





Z-1,C-1,G-1 




MOV ACQ, AP 


1 1 


1 1 P 











A 


AP-(ACC) 


to 


MOV ACC, AX 


1 1 


110 







X 


A 


AX -(ACC) 


2 


MOV#D,AP 


1 


1 1 P 


D 


A 


AP-D 




MOV AP, ACC 


1 1 


1 1 1 p 











A 


ACC - (AP) 




MOV AX, ACC 


1 1 


1 1 1 







X 


A 


ACC -(AX) 




CALL adrs 


1 





1 1 ag as 


a/ 


ae 


as a4 


as ^2 ai ao 


STACK — (PC), PC — adrs 





RET 











1 


1 








PC- (STACK) + 1 


II 


RTI 








10 


1 


1 








PC — (STACK) + 1 , or 
PC -(STACK) 
ACC --ACC, Z ^Z\ C-*C' 
G — G', Preg— P'reg 




JMPadrs 


1 





^11^10 ^9 ^8 


3/ 


ae 


as a4 


^3 ^2 a^ ao 


PC— Adrs 




JMP @AP 








P 


1 


1 


1 


A 


PC — (PC) + (AP) + 1 




JMPIO @AP 








1 P 


1 


1 


1 


A 


PC — (PC) + {(AP) A,7H}+1 




BEQ +n 
BZE +n 








110 





1 


n4 


ng ng ni no 


PC — (PC)+n+1,ifZ=1 




BEQ -n 
BZE -n 








111 





1 


n^ 


ng ng n^ no 


PC-(PC)-n, lfZ=1 




BNE +n 
BNZ +n 








1 1 


1 


1 


n^ 


Ha ng n^ no 


PC — (PC)+n + 1,ifZ=0 




BNE -n 
BNZ -n 








111 


1 


1 


n4 


Hs "2 ^1 no 


PC - (PC) -n, if Z=0 


Q. 


BCS +n 








110 








n4 


ng ng n^ no 


PC — (PC)+n+1,ifC=1 


E 

3 


BCS -n 








111 








n4 


Ha ^2 ^1 no 


PC-(PC)-n,ifC=1 


—) 


BCC +n 








1 1 


1 





n4 


Hq n2 n^ no 


PC-(PC)+n+1,lfC=0 




BCC ~n 








111 


1 





n4 


Uq ng n^ no 


PC-(PC)-n,lfC=0 




BGT -fn 








1 1 








1 n4 


ng n2 n^ no 


PC-(PC)+n+1,ifG=1 




BGT -n 








111 








1 n4 


ng ng n^ no 


PC-(PC)-n,ifG=1 




BLE +n 








1 1 


1 





1 n4 


"3 "2 Ht no 


PC-(PC)+n+1,ifG=0 




BLE -n 








1 1 1 


1 





1 ^, 


Ha n2 n^ no 


PC-(PC)-n,ifG=0 




BGE +n 








110 





1 


1 n4 


^3 "^2 rii no 


PC — (PC)+n+1 , if Z=1 or G=1 




BGE '-n 








111 





1 


1 n4 


"a ng n^ no 


PC — (PC)-n, ifZ=1 orG=1 




BLT +n 








110 


1 


i 


1 n4 


Ha Hg ni no 


PC — (PC)+n+1,ifZ=0 
andG=0 




BLT -n 








1 1 1 


1 


1 


1 n4 


Ha Hg ni no 


PC — (PC)-n, if Z=0 and G=0 


:;i 3 

3 a 


SWITCH AP 


1 


1 


1 P 








1 


A 


AP — INPUT PORT (SI ~S4) 


li 


KSWITCH AP 


1 


1 


1 P 








1 


A 


AP — INPUT PORT (K1 -K4) 



124 



-• MSM6051 • 



DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




13 12 11 10 


9 


8 7 


6 5 


4 3 2 10 




MATRIX AP 


1 


1 


1 


1 


p 





1 





A 


OUTPUT PORT (Ml ~M4) ^ 
(AP) 


"3 


MATRIX Mn 








1 











1 





M4M3M2M1 


OUTPUT PORT (M1 ~M4) - 
Mn(n=1, 2,3,4) 


Q. 
3 


XTCP ON/OFF 








1 








1 








bi bo 


XTOUT ON/OFF 


O 

3 


PITCH N 








1 








1 


1 





N 


PITreg.-N 


Q. 

C 


MSA adrs 


1 





1 


1 


as 


ar 


ae as 


a4 


83 82 Bi Sq 


Stack -(PC), PC -adrs, 
Melody start 




MSO 








1 








1 


1 





0000 


Melody stop 




LAMP ON/OFF 








1 














1 


b, bo 


LD ON/OFF 




DSP digit, AP 








1 





p 


digit 


A 


Digit (Low part) - (AP), (ACC) 




DSPH digit, AP 








1 


1 


p 


digit 


A 


Digit (High part) -(AP),(ACC) 


>» 
« 


FORMAT AP 


1 


1 


1 


1 


p 





1 


1 


A 


FMTreg. — (AP) 


CO 

i5 


FORMAT N 








1 











1 


1 


N 


FMTreg.-N 




DSPF digit, AP 








1 1 





p 


digit 


A 


Digit (Low part) — (AP) via table 




DSPFH digit, AP 








1 1 


1 


p 


digit 


A 


Digit (High part) — (AP) via table 




HALT 








1 




















Halt 




INTENAB 
32/16/2 








1 








1 


1 


1 


10 


Enable timer Interrupt 










1 











1 





b3 bi 




INTDSAB 
32/16/2 








1 








1 


1 


1 


10 












1 











1 





b2 bo 


Disable timer interrupt 




ACTIVATE 








1 








1 





1 





Activate main routine 




INTMODEAP 


1 


1 


1 





p 





1 





A 


AP — Interrupt mode 


i? 


KENAB 








1 











1 1 


1 


10 


Enable INPUT PORT (K1 ~K4) 


o 


KDSAB 








1 











1 1 


1 


10 


Disable INPUT PORT (K1 ~K4) 


o6 


STATUS AP 


1 


1 


1 





p 


1 


1 





A 


AP *- Status 


2 


PAGE AO 


1 


1 


1 


1 








1 


1 


A 


Preg — (AO) 


6 

— ^ 


PAGEN 








1 











1 


1 


N 


Preg - N 


O 


ADRS AP 


1 


1 


1 


1 


p 





1 1 





A 


Areg — (AP) 




ADRSN 








1 











1 1 





N 


Areg — N 




RATE AP 


1 


1 


1 





p 







1 


A 


AP — DIVIDER (8 Hz~1 Hz) 




RSTRATE 








1 
















10 


DIVIDER (8 Hz~1 Hz)— 




FLAGINAP 


1 


1 


1 





p 




1 1 





A 


AP — S1 on flag, S2 on flag 




SI RATE AP 


1 


1 


1 





p 




1 





A 


AP— Sireg. 




S2RATE AP 


1 


1 


1 





p 




1 


1 


A 


AP — S2reg. 




BACKUP 
ON/OFF 








1 














1 


b3 b2 


Backup ON/OFF 




NOP 





























No operation 
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^4. 



MSM6351 



CMOS 4BIT HIGH PERFORMANCE AND VERY LOW POWER SINGLE CHIP 
MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

OKI's MSM6351 is a low-power, high-performance single-chip microcontroller employing silicon 
gate CMOS technology. Integrated onto a single chip are 4-bit ALU, 61 K bits of mask programmable 
ROM, 4096 bits of RAM, 20 bits of I/O port, serial I/O port, time-base counter, LCD driver, 3 
interrupts, crystal oscillator and voltage trjpler. 

The MSM6351 is widely used in electronic products requiring low power consumption, a large 
number of LCD drivers and a large size of memory. 



FEATURES 

• Low Power Consumption 3 fxA Typical 

• 4096 X 15 Internal ROM 

• 1024 X 4 Internal RAM 

• 20 Input/Port Ports 

• 62 LCD Drivers 

1 /3 Duty, 1 /3 Bias or 1 /4 Duty 1 /3 Bias 
(Selectable by software) 

• Serial I/O Port 

8 bits or 5 bits data frame mode 
Asynchronous or synchronous 
receiver/transmitter mode 
Internal or external clock mode 

• 1 5 stages Time Base Counter 

• Watch Dog Timer 

• Capture function by external trigger signal 



3 Interrupt Sources 

Real time Interrupt 

External interrupt 

Serial I/O port interrupt 

Melody Circuit 

66 Instructions 

Sub-routine Nesting: 7 levels 

32.768 kHz Crystal Oscilator 

Machine Cycle: 61 .0 /usee. 

Power Supply: 1 .5V or 3.0V (selectable by 

mask option) 

1 00 pad die or 1 00 Pin Flat Package 

Silicon gate CMOS Process 
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FUNCTIONAL BLOCK DIAGRAM 



P03C P02C. P01C POOC 



^ 



I 



SSSMT 



gn 



EIRT IRQRTF 



tU A 



SCNT SCND 

inr 



"sm 



>0JlEXMDljlE 



lEXMDO IEXMD1 IEXM02 



INTERRUPT CONTROL IRQE X 



TIMER BASE COUNTER 



ROM L_ 

4096X,5 J^ 



I INSTRUCTION REG 




5L 



_1 STACK 1 ' 1 n 2 -I 1 1 

j7ievei j;; I 1 
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^ 



1 



t024X4 



m 



LOGIC SYMBOL 













PORTO r I 


PO.O 
P0.1 
P0.2 
P0.3 


SIN. 
SOUT 

SCK 


" J SERIAL PORT 


P0RT1 1 I 


P1.0 
Pl.l 
P1.2 


BD 


^ BUZZER 

DRIVER 


P0RT2 1 


P1.3 

P2.0 
P2.1 
P2.2 
P2.3 


SEGO 
SEG1 
SEG2 
SEQ3 
SEG4 


* ~\ 




PORT3 I "* " 


P3^ 
P3.1 
P3.2 
P3.3 






LCD 

DRIVER 


PORT4 1 • • 


P4.0 
P4.1 
P4.2 
P4.3 


SEG58 
SEGS9 
SEG60 
SEG61 


, ^ 




CLOCK OUT 


XTOUT 






Vi-Li-v "SJ > 


XT 
XT 


Vdd 
Vssi 




Moh- — 


• \ 




RESET ► 

TEST r i 


RESET 

TEST1 
TEST2 
TEST3 


VSS2 
VSS3 

vee 

VCM 
VCP 





POWER 
SUPPLY 













127 



• MSM6351 • 



PIN DESCRIPTION 



Designation 


Function 


PO.O ~ P0.3 


4 bits input/output port. 

PO.O and P0.1 liave a secondary function of capture trigger signal input pins. 


P1 .0 ~ P1 .3 


4 bits input/output port. 


P2.0~P2.3 


4 bits input/output port. 

P2.0, P2.1 and P2.2 have a secondary function of external interrupt signal 

input pins. 


P3.0 ~ P3.3 


4 bits input/output port. 


P4.0 ~ P4.3 


4 bits input/output port. 


SIN 


Serial input port. 


SOUT 


Serial output port. 


SCK 


Serial port clock input/output pin. 


SEG0-SEG61 


LCD drive output pins. 

These outputs can derive 1/3 duty-1/3 bias LCD which has 177 segments or 

1 /4 duty-1 /3 bias LCD which has 232 segments. 




Designation 


Function 


BD 


Buzzer drive output pin. 


XTOUT 


Clock output pin. 


XT,XT 


Input and output pins of oscillator inverter. 


RESET 


System reset input pin pulled down to Vssi • 


TEST1 -3 


Internal logic test pin pulled to Vssi • 


Vdd 


Circuit ground potential 


VSS1 


Power sou roe (- 1.5 V) 


VSS2 


Power source for LCD driver (-3.0V) 

This pin is connected to Vdd pin through a capacitor. 


VsS3 


Power source for LCD driver (-4.5V) 

This pin is connected to Vdd P''^ through a apacitor. 


Vee 


Power source for internal logic. 

This pin Is connected to Vdd Pin through a capacitor. 


VCP.VCM 


Booster capacitor connection pins. 

Vqp pin is connected to Vqm pin through a capacitor. 
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MSM6052 



CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR 
TELEPHONE 



GENERAL DESCRIPTION 

The OKI MSM6052 is low-power, high-performance single-chip 4-bit microcontroller employing 
complementary metal oxide semiconductor technology, especially designed for use in sophisticated 
telephone sets. Integrated onto a single chip are 4 bits of ALU, 28Kbits of mask programmable ROM, 
2560 bits of data RAM, programmable timer, oscillator, 1 2-bits of input port, 1 2-bits of output port and 
4-bits of input/output port. In addition to these units, a DTMF generator is provided. 

With the MSM6052, sophisticated telephone sets become feasible through a single chip instead 
of the conventional 3-chip configuration. 



FEATURES 

• Low Power Consumption 0.3mA Typical @3V 
(DTMF output off) 

• 2048 X 14 Internal ROM 

• 640 X 4 Internal RAM 

• 3 X 4 Input Port 

• 3 X 4 Output Port 

• 1 X 4 Input/Output Port 

• DTMF Generator 

• Buzzer Sound Output 

• 4-Bit Programmable Timer Applicable for 
Output of Dial Pulse 



Interrupt by Progammable Timer 

5 Level Stack 

Power Down Mode 

52 Instructions 

Instructions Useful for Data Management 

(Data Search and Block Data Transfer) 

2.5 to 6.0V Operating Voltage 

3.58 MHz Oscillator 

1 7.9 /xs Instruction Cycle 

-20 to 75°C Operating Temperature 

28 Pin DIP or 40 Pin DIP 




FUNCTIONAL BLOCK DIAGRAM 





^ 



/ MPX \ 



O D|N 

— : DouT 



DATA RAM 
640 word x 4 bit 



I 



INSTRUCTION 
DECODER 



AC TEST y/DD VsS 




' \MPX/ 



=>3 



P 






address register 



A10 
S 



PROGRAM ROM 
2048 word x 1 4 bit 
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U 



PIN CONFIGURATION 




(Top View) 40 Lead Plastic DIP 


(Top View) 28 Lead Plastic DIP 


E02|T 


\^ 


4o|eoi 


Rlfj" 


\J 


IDci 


E03|T 




3|C1 


R2Q 




27]C2 


E04[3 




3|C2 


R3Q 




2|C3 


R1 E 


■ 


37|C3 


R4[7 




iic4 


R2Q 




3|C4 


R5[& 




24] 13 


R4I3 




35|l3 


R6[6 




Hoi 


R5[T 




1302 


R7[T 




HI 03 


R6[;8 




33|01 


HSQ 




13 04 


R/jT 




3|03 


14 rg 




2o|dpout 


R8[To 




31] 04 


11 Ho 




TIJdTMF OUT 


R3[lT 




3^ DP OUT 


12 [U 




IIVdd 


HS[T2 




29| DTMFOUT 


xtQ? 




13 BD 


I4[T3 




28|l04 


XT[T3 




re) AC 


11 [i7 
I2[?i 




23103 
26) 102 


TEST[T4 




lUvss 








XT 111 




25)101 




xt[i7 




igvDD 




32kHz [18 




2|bD 




I0e(T9 




22|aC 




TEST[20 




2]]Vss 










LOGIC SYMBOL 












R1 
R2 
R3 
R4 


EOI 
E02 
E03 
E03 






KEYBOARD 
INPUT 






OUTPUT PORT 








- 


KEYBOARD 
INPUT 




R5 
R6 
R7 
R8 

11 
12 
13 
14 


101 
102 
103 
104 
lOE 

DP OUT 

DTMFOUT 


■ > 


10 PORT 










^ 




-■ m ^ 




. 




OUTPUT ENABLE 


INPUT PORT 




DIAL PUSLE 






OUTPUT 




DTMF OUTPUT 


KEYBOARD 
OUTPUT 




CI 
C2 
C3 
C4 

01 
02 
03 
04 

HS 


BD 

32kHz 

AC 

TEST 


BUZZER OUTPUT 


















^ RESET 


OUTPUT 
PORT 






TEST 
















POWER 


HOOK SWITCH 
OSCILLATION ( 
































1 
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MSM6052 



PIN DESCRIPTION 



Designation 


Function 


Vdd 


Pource source 


vss 


Circuit ground potential 


AC 


Terminal to clear internal logic, pulled down to Vss- 

After power is turned on, the MSM6052 must be reset by this terminal. 


TEST 


Terminal to test Internal logic, pulled down to Vss- 
This terminal must be open in normal operation. 


XT, XT 


Input and output terminals of oscillator inverter. 

3.58 iS/IHz ceramic resonator is connected to these terminals. 


iHS 


Input terminal connected to the hook switch, pulled up tp Vdd- 


DP OUT 


Output terminal of dial pulse. 

Dial pulse rate (1 pps or 20 pps) and Make Break ratio (40% or 33 %) can 

be selected by software. 


DTMFOUT 


Output terminal of DTMF signal 


BD 


Output terminal of buzzer sound 


32 kHz 


Output terminal of 32 kHz clock 


Ri~R4 
Rs — Rs 


Input port pulled down to Vss- 


Il~i4 


Input port having clocked pull-down resistor to Vss- 

Only when this port is accessed, pull-down resistors are connected to this 

port. 


Ci ~ C4 

Ol~04 


Output port 


I0l~i04 


Tri-state bidirectional port 


lOE 


Output terminal 

When 10 1 ~ IO4 is accessed, Input completion signal (when read) or 

load signal (when written) is output from lOE terminal. 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM6062 is given on 
page 1 29. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM6052 user's manual. 

Program ROM 

The MSM6052 will address up to 2 K words 
of Internal mask programmable ROM. Each word 
consists of 14-bits and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 

Data RAM 

Data Is organized in 4-bit nibbles. Internal 
data RAM consists of 640 nibbles. 

All locations are addressed by 10-bit 
address registers (ARi, AR2), 2-blt bank register 
(B), 4-blt page register (P) or a part of the 
Instruction's operand. 

ALU 

The ALU performs a 4-bit parallel operation 
on RAM and ACC contents, or on RAM contents 
and an Immediate digit. It sets or resets the three 
flags (Z, C, G) depending on the condition. 

Program Counter (PC) ' 

The program counter is an 11 -bit wide 
counter that specifies the address of program 
ROM. 

The PC is incremented by one at every 
execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of a Jump, Call or Branch instruction. 

As there is no boundary in the ROM, and a 
Jump, Call or Branch instruction can be put 
anywhere in the ROM. 

Stack 

The MSM6052 has a 5 level stack apart from 
the data RAM. The contents of the PC are loaded 
Into stack when a Call instruction is executed or 
an Interrupt is generated. Nesting of subroutines 
within subroutines can continue up to 4 times, 
including the interrupt. 

• Input Port 

Port (R1 ~ R4) 

4-bit input port. Each pin of the port Is pulled 
down to Vss by an internal resistor, and status 
of the port is fetched by an Input instruction. 

Port (R5 ~ R8) 

4-bit input port. Each pin of the port is pulled 
down to Vss by an internal resistor, and the 
status of the port is fetched by an input 
Instruction. 



Port (II ~I4) 

4-blt input port. Each pin of the port is pulled 
down to Vss by ^" internal resistor and 
transistor. Only when it is desired to fetch status 
of the port. Input current flows through these 
pins. Status of the port is fetched by an input 
instruction. 

• Output Port 

Port (01 ~ 04) 

4-bit output port. These ports consist of data 
latches and buffers, and the contents of the data 
latches are rewritten by an output Instruction. 

Port (01 ~ 04) 

4-bit output port. This port consists of data 
latches and buffers, and the contents of the daia 
latches are rewritten by an output instruction. 

Electrical characteristics of 03 and 04 are 
different from those of 01 and 02. 3 and 04 of 
the ports are used as XMIT MUTE and MUTE 
normally. 

Port (E01 ~ E04) 

4-bit output port. This port consists of data 
latches and buffers, and the contents of data 
latches are rewritten by an output instruction. 

• Input/Output Port 

Port (101 ~ I04) 

4-blt bidirectional port. This port consists of 
data latches, output buffers and Input buffers. 
The contents of the data latches are rewritten by 
an output instruction, and status of the port is 
fetched by an input instruction. 

Address Registers (ARI , AR2) 

The address registers are used to specify the 
10-bit address of data RAM, when a data search 
instruction (RDAR) or block data transfer 
instruction (MVAR) is executed. 

This register is an up/down counter, and is 
incremented or decremented by 1 with 
execution of the instruction. 

Timing Generator 

By connectin£a 3.58 MHz ceramic resonator 
to the XT and XT terminal, the timing generator 
generates a basic timing signal to control the 
MSM6052. 

The MSM6052 can operate in 2 modes, 
normal operating mode and power down mode. 
STOP instruction is used to place the MSM6052 
in the power down mode. The oscillation stops 
and all functions are stopped. However, the 
contents of RAM and all registers are maintained. 
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Programmable Timer 

The programmable timer consists of a 4-bit 
down counter and a 1 /1 00 prescaler. 

Any of a 7990.1 Hz clock, 1997.5 Hz clock 
and 998.8 Hz clock is Input to the 1/100 
prescaler. Output of the 1/100 prescaler 
decrements the 4-bit down counter by 1 . 

When the contents of the 4-bit down counter 
is decremented to 0, the programmable timer 
generates an interrupt. 

This programmable timer can be used as a 
dial pulse generator. The dial pulse rate (10 pps, 
20 pps) and Make/Break ratio (40%, 33%) of the 



dial puls6 which the programmable timer 
generates are selectable. 

DTMF Circuit 

DTMF circuit is used to generate a DTMF 
signal. 1 2 kinds of DTMF signal (0 to 9, #, *) can 
be output by an output instruction. 

BD Circuit 

The BD circuit generates the square wave 
which can be used as the confirmation sound, 
warning sound and so on. 15 kinds of sound 
(4.66 to 0.82 kHz) are output by an output 
instruction specifying the frequency. 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


vdd 


Ta = 25°C 


-0.3 to 7.0 


V 


Input Voltage 


V| 


Ta = 25°C 


-0.3 to Vdd+0.3 


V 


Output Voltage 


vo 


Ta = 25°C 


-0.3toVDD+0.3 


V 


Storage Temperature 


Tstg 


- 


-55 to 1 25 


°C 


Power Dissipation 


Pd 


Ta = 25°C 


200 


mW 



OPERATING CONDITIONS 



Parameter 


Symbol 


Limits 


Unit 


Operating Voltage 


Vdd 


2.5 to 6.0 


V 


Memory Retension 
Voltage 


Vddm 


1.2 to 6.0 


V 


Operating Temperature 


Topr 


-20 to 75 


°C 



DC CHARACTERISTICS 

(VDD = 3V, Ta = -20 to 75°C) 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Min. 


Typ. 


Max. 


"H" Input Voltage 


V|H 


Vdd=3V 


2.2 


- 


- 


V 


Vdd=6V 


4.4 


- 


- 


V 


"L" Input Voltage 


V|L 


Vdd=3V 


- 


- 


0.8 


V 


Vdd=6V 


- 


- 


1.6 


V 


"H" Output Current (1) 


l0Hi 


03,04 

DP OUT 


VoH=2.6V 


-200 


- 


- 


mA 


"L" Output Current (1) 


l0Li 


VoL=0.4V 


500 


- 


- 


M 


"H" Output Current (2) 


IOH2 


01-04 


VoH=2.6V 


-1 


- 


- 


mA 


"L" Output Current (2) 


IOL2 


VoL=0.4V 


10 


- 


- 


^A 


"H" Output Current (3) 


'OH3 


Oi,02.BD 


VoH=2.6V 


-20 


- 


- 


/xA 


"L" Output Current (3) 


IOL3 


VoL=0.4V 


10 


- 


- 


mA 
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DC CHARACTERISTICS (CONT.) 




Parameter 


Symbol 


r^r\nr\\ 


*: 


Limits 


Unit 


OOnuluuiis 


Min. 


Typ. 


Max. 


"H" Output Current (4) 


'0H4 


l0l~«04 

lOE 
E0i~E04 


V0H=2.6V 


-150 


- 


- 


/xA 


"L" Output Current (4) 


IOL4 


VoL=0.4V 


300 


- 


- 


AxA 


"H" Output Current (5) 


IOH5 


32 kHz 


V0H=2.6V 


-40 


- 


- 


/xA 


"L" Output Current (5) 


«0L5 


VoL=0.4V 


25 


- 




M 


Pull-up Resistance 


RUP 


HS 


17 


- 


150 


ka 


Pull down 
Resistance (1) 


Rdwon 1 


Ri~R8 


33 


— 


300 


kn 


Pull down 
Resistance (2) 


Rdwon 2 


li~l4,AC.TEST 


10 




100 


ka 


Input Leak Current 


'IL 


I0i~l04 


0<V|N^Vdd 
VDD=2.5to6.0V 


- 


- 


±2 


AtA 


Current 


Iddp 


DTMF output 
off 


Vdd=3V 


- 


0.3 


0.6 


mA 


Consumption (1) 


Vdd=6V 


- 


1.2 


2.4 


mA 


Current 


'DDT 


DTMF output 
on 


VdD=3V 


- 


1.2 


2.4 


mA 


Consumption (2) 


Vdd=6V 


- 


3.5 


7.0 


mA 


Memory retention 


•ddm 


ON HOOK 
Vdd=2.5V 


Ta=25°C 


- 


0.01 


0.2 


AcA 


Current 


Ta=-20to76°C 


~ 


- 


2 


/.A 



AC CHARACTERISTICS 

(VDD = 3V, Ta = -20 to 75°C) 



Parameter 


Symbol 






Limits 


Unit 


Cond HUMS 


Min. 


Typ. 


Max. 


Key Input Time 


Tkin 


VDD=2.5to6.0V 




33 


- 


- 


ms 




VOUT 


Row only 

Rl=i ka 


Vdd=2.5V 


150 


250 


350 




Tone Output Voltage 


Vdd=4.0V 


200 


350 


570 


mV 




Vdd=6.0V 


300 


480 


850 


rms 


High/Low Level Ratio 


dBcR 


VDD=2.5to6.0V 


1 


2 


3 


dB 


Distortion Ratio 


%DIS 


Rl=1 kO 


- 


1 


5 


% 


Rise/Fall Timed) 


tTLHi 


03, 04, DP OUT 
Cl=50 pF 


- 


- 


0.5 


jjlS 


tTHLi 


- 


- 


0.5 


Rise/Fall Time (2) 


tTLH2 


Cl~C4 

CL=50pF 


- 


- 


0.5 


/xS 


tTHL2 


- 


- 


10 


Rise/Fall Time (3) 


tTLHa 


Oi,02, BD,32kHz 
CL=50pF 


- 


- 


5 


mS 


tTHLa 


- 


- 


10 


Rise/Fall Time (4) 


tTLH4 


IOi~l04.IOE,EOi~E04 


- 


- 


1 


/xS 


tTHL4 


Cl=50 pF 




- 


- 


1 
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DESCRIPTION OF INSTRUCTIONS 





Mnemonic 


Instruction Code 


Operation 




1312 

1 


'' 


10 9 

1 


8 


7 


6 5 

1 


4 


3 2 10 

1 1 i 




ADD ACC. AP 














p 





1 





A 


AP — (AP) + ACC 




ADD#D,AP 







1 





p 


D 


A 


AP — (AP) + D 


o 


ADCAP 














p 





1 


1 


A 


AP - (AP) + ACC + C 


^' 


SUB ACC, AP 











1 


p 





1 





A 


AP - (AP) - ACC 


c 
CO 


SUB#D,AP 







1 


1 


p 


D 


A 


AP - (AP) - D 





SBCAP 











1 


p 





1 


1 


A 


AP — (AP) - ACC - C 




CMP ACC, AP 











1 


p 


1 


1 1 





A 


(AP) - ACC 


< 


CMP#D,AP 










1 1 


p 


D 


A 


(AP) - D 




XOR ACC, AP 














p 





1 1 


1 


A 


AP-(AP)-V^ACC 




XOR #D, AP 


p 




1 


1 1 


p 


D 


A 


AP-(AP)VD 




BIT ACC, AP 














p 


1 


1 1 





A 


(AP) V ACC 


c 
o 


BIT#D,AP 










1 


p 


D 


A 


(AP) VD" 


2 


BIS ACC, AP 














p 





1 1 





A 


AP - (AP) V ACC 


0) 

a 
o 


BIS#D,AP 













p 


D 


A 


AP - (AP) V D 


m 


BIC ACC, AP 











1 


p 





1 1 





A 


AP - (AP) A ACC 




BIC#D,AP 










1 


p 


D 


A 


AP-(AP) AD 




RORAP 














p 





1 





A 


L-(AP)— C-" 


"co 


ROLAP 











1 


p 





1 





A 


L-(AP)-C-' 


o 

DC 


ASRAP 














p 





1 




A 


O-(AP)— C 




ASLAP 











1 


p 





1 




A 


C — (AP) ^ 


, 


SEZ 











1 







1 








Z-1 




CLZ 



















1 








Z^O 


c 
o 


SEC 











1 















C^l 


2 


CLC 



























C^O 


Q. 
O 


SEG 











1 
















G-1 


CO 
LL 


CLG 




























G-0 




SEA 











1 







1 







Z — 1,C — 1,G— 1 




CLA 



















1 







Z— 0,C— 0,G^0 




MOV ACC, AP 


1 1 




1 


1 











A 


AP-ACC 


0) 


MOV ACC, AX 


1 1 




1 





X 


A 


AX ^ ACC 


CO 

c 
CO 


MOV#D,AP 


1 




1 


p 


D 


A 


AP — D 


s 


MOV AP, ACC 


1 1 




1 1 


1 











A 


ACC — (AP) 


CO 
Q 


MOV AX, ACC 


1 1 




1 1 





X 


A 


ACC — (AX) 




CHGAP 


1 1 







1 











A 


(AP)^ — ^ACC 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




1312 

1 


11 10 9 8 

1 1 1 


7 6 5 4 

1 1 1 


3 2 10 

1 1 1 




CHG AX 


1 1 


10 


X 


A 


(AX)^ — ►ACC 




RDAR 


1 1 











ACC-(ARi) 




RDAR + (-) 


1 1 





1 D/l 





ACC-(ARi),ARi-ARi±1 




RDAR + (-),Z 


1 1 





1 D/l 





ACC-(ARi) 

if(ARi)=OthenPC— PC + 1 
else AR 1 ^ AR 1 ± 1 , repeat 




RDAR + (-),N 


1 1 





1 D/l 





ACC-(ARi) 

if(ARi)^OthenPC— PC + 1 
else AR 1 *- AR 1 ± 1 , repeat 




RDAR + (-).Z,L 


1 1 


10 


1 D/l 





ACC-(ARi),L-L-1 
if (ARi)=OorL=0 
thenPC— PC+1 
else AR 1 ^ AR 1 ± 1 , repeat 




RDAR + (-). N, L 


1 1 


10 


10 D/l 





ACC-(ARi).L^L-1 

if(ARi)=^OorL=0 

then PC — PC + 1 

else AR 1 ^ AR 1 ± 1 , repeat 





MVAR 


1 1 


10 








AR2-(ARi) 


CO 

c 
CO 


MVAR + H 


1 1 


10 


1 D/l 





AR2-(ARi), 

ARi— ARi±1,AR2 — AR2+I 


CO 
Q 


MVAR + H.Z 


1 1 


10 


1 D/l 





AR2-(ARi), 

if(ARi)=0thenPC-PC+1 
elseARi— ARi±1, 
AR 2 ^AR2±1, repeat 




MVAR + (-),N 


1 1 


10 


1 D/l 





AR2 — (ARi) 

if(ARi)^0thenPC-PC+1 
elseARi— ARi± 1, 
AR 2 '^AR2±1, repeat 




MVAR + (-), L 


1 1 


110 


D/l 





AR2 — (ARi),L — L-1 
ifL=OthenPC— PC+1 
elseARi*-ARi± 1, 
AR 2 *-AR2±1, repeat 




MVAR + H.Z, L 


1 1 


110 


1 D/l 





AR2*-(ARi),L — L-1 
if(ARi)=OorL=0 
then PC- PC +1 
elseARi*-ARi± 1, 
AR 2 *-AR2±:1, repeat 




MVAR + (-),N,L 


1 1 


110 


1 D/l 





AR2-(ARi),L-L-1 
if(ARi)fOorL=0 
then PC — PC +1 
elseARi— ARi±1, 
AR2 — AR2±:1. repeat 


c 


CALLadrs 


1 


^ ^10 ^9 ^8 


^7 ^6 ^5^4 


^3 ^2 ^1 ^0 


STACK — (PC), PC — adrs 


1 


RET 








110 





PC - (STACK) + 1 


J3 

13 

CO 


RTI 





1 


1 1 





PC - (STACK) or 
PC — (STACK) +1 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




1312 

1 


11 


10 9 8 

1 1 1 


7 6 5 4 

1 1 1 


3 2 10 

1 1 1 


Q. 


JMPadrs 


1 





^10 ^9 ^8 


aj ag Bg 84 


83 82 81 80 


PC^8drs 


E 

3 


JMP@AP 








OOP 


110 1 


A 


PC — (PC) + (AP) + 1 


~3 


JMPIO @AP 








1 P 


110 1 


A 


PC-(PC) + {(AP)A7H)+1 




BEQn 
(BZE n) 


1 1 


1 


1 P 


1 n. 


"3 "^2 "^1 "^0 


ifZ=1 then PC— PC - n or 
PC — PC + n +1 
else -PC -PC + 1 




BNEn 
(BNZ n) 


1 1 


1 


1 P 


11 n^ 


"3 "2 "^1 "^0 


if Z=0 then PC-PC -nor 
PC — PC + n + 1 
else PC — PC +1 




BCS n 


1 1 


1 


1 P 


n^ 


n3 ng n^ no 


if C=1 then PC — PC -n or 
PC — PC + n + 1 
else PC - PC +1 


SZ 

o 


BCCn 


1 1 


1 


1 P 


1 n^ 


n3 ng ni no 


if C=0 then PC — PC - n or 
PC — PC+n+1 
else PC — PC +1 


c 

£ 
m 


BGTn 


1 1 


1 


1 P 


1 n^ 


"3 "2 "^1 "^0 


ifG=1 then PC — PC - n or 
PC — PC + n + 1 
else.PC-PC+1 




BLEn 


1 1 


1 


1 P 


1 1 n^ 


ng n2 n^ no 


if G=0 then PC — PC - n or 
PC — PC+n+1 
else PC — PC +1 




BGEn 


1 1 


1 


1 P 


1 1 n. 


"3 "^2 "^1 ^0 


ifG=1 orZ=1 
then PC — PC - n or 
PC — PC+n+1, 
else PC — PC +1 




BLTn 


1 1 


1 


1 P 


1 1 1 n. 


^3 "2 1^1 "o 


ifG=0 8ndZ=0 
then PC — PC -n or 
PC — PC+n+1 
elsePC — PC+1 




IN PORT, AP 








1 P 


Pl 


A 


AP — (PORT) 


Q-3 


OUT AP, PORT 





1 


Ph P 


PL 


A 


PORT — (AP) 


^o 


OUT #D, PORT 

■ 





1 


1 Ph 


PL 


D 


PORT — D 




STOP 





1 


1 1 








Stop system clock 


(0 


HALT 





1 


1 1 


1 





H8ltCPU 





ACT 





1 


1 1 


10 





Activate CPU 


c 


El 





1 


1 1 


110 


10 


Enable timer interrupt 


CO 

o 


Dl 





1 


1 1 


110 


10 


Disable timer interrupt 


c 
o 


ET 





1 


1 1 


110 


10 


Enable timer activate 




DT 





1 


1 1 


110 


1 


Disable timer activate 


O 


EC 





1 


1 1 


111 


10 


Enable output port (Ci~C4) 




DC 





1 


1 1 


111 


10 


Disable output port (Ci~C4) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 





Mnemonic 


Instruction Code 


Operation 




13 12 

1 


11 10 9 8 

1 II 


7 6 5 4 

r 1 1 


3 2 10 

1 t I 


2 '0 


OM 





1110 


111 


10 


Set I/O port (10 1-104) to 
output mode 


C 

Ql c 
O CO 


IM 





1110 


111 


1 


Set I/O port (10 1-104) to 
input mode 


RST 





1 1 1 


10 1 





Reset divider 




NOP 














No operation 
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CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR 
TELEPHONE 



GENERAL DESCRIPTION 

The OKI MSM6352 is a low-power, high-performance single-chip 4-bit microcontroller employing 
complementary metal oxide semiconductor technology, especially designed for use in sophisticated 
telephone sets. Integrated onto a single chip are a 4-bit ALU, 28K bits of mask programmable ROM, 
2560 bits of data RAM, programmable timer, oscillator, 1 2-bits of input port,1 2-bits of output port and 
4-bits of input/output port. In addition to these units, a DTMF generator is provided. 

With the MSM6352, sophisticated telephone sets become feasible through a single chip instead 
of the conventional 3-chip configuration. 



FEATURES 



Low Power Consumption 0.3mA Typical @3V 

(DTMF output off) 

2048 X 14 Internal ROM 

640 X 4 Internal RAM 

3X4 Input Port 

3X4 Output Port 

1 X 4 Input/Output Port 

DTMF Generator (Single Tone Mode or Dual 

Tone Mode) 

Buzzer Sound Output 

4 Bits Programmable Timer Applicable for 

Output of Dial Pulse 

Watch Dog Timer 

On Hook Dialing and Off Hook Dialing 

Function 



Interrupt 

Programmable Timer-Interrupt 

Real Time Interrupt 

5 Level Stack 

Power Down Mode 

52 Instruction Set 

Instructions Useful for Data Management 

(Data Search and Block Data Transfer) 

1 .5 to 5.0V Operating Voltage 

Low Voltage Detector 

3.58 MHz Oscillator 

1 7.9 ^s Instruction Cycle 

-20 to 75°C Operating Temperature 

28 Pin DIP or 40 Pin DIP 

Software Compatibility with MSM6052 




FUNCTIONAL BLOCK DIAGRAM 



DATA RAM 
640 word X 4 bit 




AC TEST Vqo VsS 
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PIN CONFIGURATION 




(Top View) 40 Lead Plastic DIP 


(Top View) 28 Lead Plastic DIP 


E02[T 


V-/ 


l^EOI 


Rl[T 


yj 


28|C1 


E03[T 




3|C1 


R2Q 




27|C2 


E04[l 




^C2 


R3Q 




iic3 


R1 [T 




37|C3 


R4C4 




2|C4 


R2[5 




3§C4 


RSfs 




24|l3 


R4[l 




3|l3 


R6|T 




23|01 


RSQ 




1302 


R7[7 




2|03 


ReQ 




33|01 


HS| 8 




21] 04 


RZQ 




3|03 


14 Q 




2^ DP OUT 


R8(l0 




31) 04 


11 Qo 




iUdtmf out 


R3[TT 




3^ DP OUT 


12 QT 




IIvdd 


HSllI 




il DTMFOUT 


XT(T2 




13bd 


I4|T3 




28|l04 


XT(T3 




Hac 


11 EI 

I2[l| 




III 103 
26||02 


TEST (14 




Hvss 








XTdl 




m 101 




xtU? 




24|Vdd 




32kHz [l8 




2|bD 




I0e[T9 




Hac 




TEST [20 




23VSS 










LOGIC SYMBOL 












R1 
R2 
R3 
R4 


E01 
E02 
E03 
EOS 






KEYBOARD 
INPUT 






OUTPUT PORT 










KEYBOARD 
INPUT 




R5 
R6 
R7 
R8 

11 
12 
13 
14 


101 
102 
103 
104 
lOE 

DP OUT 

DTMFOUT 




10 PORT 




- 






^ 




^ 




. 




OUTPUT ENABLE 


INPUT PORT 




DIAL PUSLE 
OUTPUT 

^ DTMF OUTPUT 






KEYBOARD 
OUTPUT 




CI 
C2 
C3 
C4 

01 
02 
03 
04 

HS 


BD 

32kHz 

AC 

TEST 

Vdd 
Vss 


BUZZER OUTPUT 












32kHz OUTPUT 1 






RESET 


OUTPUT 
PORT 






TEST 










HOOK SWITCH 
OSCILLATION ( 




. 


POWER 
































1 
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PIN DESCRIPTION 



Designation Function 


Vdd 


Pource source 


vss 


Circuit ground potential 


AC 


Terminal to clear internal logic, pulled down to Vss- 

After power Is turned on, the MSM6052 must be reset by this terminal. 


TEST 


Terminal to test Internal logic, pulled down to Vss- 
This terminal must be open in normal operation. 


XT, XT 


Input and output terminals of oscillator inverter. 

3.58 MHz ceramic resonator is connected to these terminals. 


HS 


Input terminal connected to the hook switch, pulled up tp Vqq. 


DP OUT 


Output terminal of dial pulse. 

Dial pulse rate (1 pps or 20 pps) and Make Break ratio (40% or 33 %) can 

be selected by software. 


DTMFOUT 


Output terminal of DTMF signal 


BD 


Output terminal of buzzer sound 


32 kHz 


Output terminal of 32 kHz clock 


Ri~R4 
Rs — Rs 


Input port pulled down to Vss- 


Il~l4 


Input port having clocked pull-down resistor to Vss- 

Only when this port is accessed, pull-down resistors are connected to this 

port. 


Cl~C4 
Ol~04 


Output port 


I0l~l04 


TrI-state bidirectional port 


lOE 


Output terminal 

When lOi ~ IO4 is accessed, input completion signal (when read) or 

load signal (when written) is output from lOE terminal. 
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MSM6404 



HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM6404 microcontroller is a low power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 32K bits of mask program 
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and 
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in 
4 bit nibbles. RAM and I/O lines are bit addressable. 122 Instructions include binary, BCD 
operations; bit set, reset, test; 8 bit I/O; relative jumps; multifunctional instructional (increment, 
modify, skip) 8 bit wide table output; subroutine call and return. 



FEATURES 

• 4000 X 8 MASK ROM • 
An evaluation board is available for up to 8k • 
X 8. • 

• 266 X 4 RAM (including the stack area) 

• 9 X 4 Ports, 36 I/O lines • 
4 lines for Input ports having a latch, and the • 
other 32 lines for bit operation are available. • 

• Three built-in counters 

12-bit time-base counter • 

1 2-bit programmable timer • 

8-bit high-speed programmable timer/event 
counter 

• Built-in 8-bit serial I/O register (with 3-blt • 
counter) 

• Five interrupts with five priority levels 
(4 internal, 1 external) 



32 stack levels (in RAM) 

Power down features 

Instruction execution time 

952 ns 4.2 MHz clock 

Instruction systems suitable for control 

1 22 instructions 

Mask option 

P60-63 for Input port 

Full static operation 

Low power consumption 
TYP0.4/LiWatVDD=2V 
TYP 5/LtW at Vdd=5V OHz clock 

5V single power supply, 42-pin DIP or 

44-pln FLAT 




BLOCK DIAGRAM 



=0 






X 



ir ^ 



3E 



M 



E^EQ 





F 



fii PC ol 



12 bit Timer P9 8bitT/C PA SbitSR 




Timing 
Control 



-OSCo 

♦osc; 

♦TEST 
-RESET 
-Vdd 



mrmrM 

3210 3210 3210 3210 3210 3210 32I0__32 1fl_321 

«-TMO Lso 
L-TCK L-SI 
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PIN CONFIGURATION 



(Top View) 42-pin Plastic DIP 


P40 [T 


o ^ 


42]Vdd 


P41 [T 




;4T]P53 


P42 [T 




40 [ P52 


P43 [T 




39)P51 


P30 [b. 




38 1 P50 


P31 [T 




37]P63 


P32 [7 




36] P62 


P33 1 8 




m P61 


OSCo ( 9 




34]P60 


osc", [To' 




331 P73 
"321 P72 


resetIii 


TESTbl 




3lJ P71 


P20 1 13 




301 P70 


P21 Qi 




29 [ P83 


P22 LL5_ 




28] P82 


P23 Qi 




2y[ P81 


POO DI 




26] P80 


poi Us 




25]P13 


P02 [T? 




24]P12 


P03 [20 




ID P11 


GND [21 




22! P10 









(Top View) 44-pin Plastic Flat Paclcage 


ifssllsasis 






TcmcMT-oroeoN-toio^; 


33 1 P62 


P31 I 1 


o 


P32 1 2 




32 1 P61 


P33 [ 3 




31 1 P60 


OSCo 1 4 




30 [ NC 


OSC, 1 5 




29 1 P73 


RESET 1 6 




28 1 P72 


TEST [ 7 




27 1 P71 


P20| 8 




26 j P90 


P21 1 9 




25 1 P83 


P22 1 10 




24 1 P82 


P23 1 11 




23 1 P81 




CVJ CO -^ U5 CD N 00 05 °^ S>{ 


Q-D-Q.QLC3Q-Q-0LQ.Q. 





u 



PIN DESCRIPTION 



Pin name 


Input/output 


Function 


When reset 


POO 

P01/SCK 
P02/SO 
P03/SI 


Input/output 


4-bit input/output port. 

P01 to P03 are also used as serial interface 

terminals. 


"1" 


P10/CIN 
P11/TM0 
P12/TCK 
P13 


Input/output 


4-bit input port with latch. 

Built-in pull up register for all bit input. 


"1" 

■ 


P20/INT 
P21 
P22 
P23 


Input 


4-bit input port with a latch. P20 is shared with INT 
input. (Fall trigger input) P21 -23 are level input. 
Built-in pull up register for all bit input. 


The latch is 
reset. 


P30-33 


Input/output 


4-bit input/output port 


"1" 


P40-43 


Input/output 


4-bit input/output port 


8-bit output port 


"0" 


P50-53 


Input/output 


4-bit input/output port 


"0" 


P60-63 


Input/output 


4-bit input/output port *1 


"0" 


P70-73 


Input/output 


4-bit input/output port 


"0" 


P80-83 


input/output 


4-bit input/output port 


"0" 


OSCo 
OSCi 


Input/output 


X'tal connection terminal for system clock oscillation 


Oscillation 
wave 


TEST 


Output 


(Test terminal for Maker) 


Pulse output 


RESET 


Input 


System reset input terminal 




VDD 
GND 




Power source voltage supply 





Note: When each port is used for output, it is possible to drive one TTL (one input). 
*1 Can be made as a port dedicated to input (mask option). 
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INSTRUCTION LIST 





Mnemonic 


Description 


Code 


Byte 


Cycle 




LAI n 


A— n 


9n 


1 


1 




LLI n 


L-n 


8n 


1 


1 




LHLI nn 


HL— nn 


15nn 


2 


2 




LMI nn 


M(w) ^nn 


14nn 


2 


2 




LAL 


A-L 


21 








LLA 


L-A 


2D 








LAH 


A-H 


22 








LHA 


H— A 


2E 








LAM 


A-M 


38 








LMA 


M-A 


2F 








LAM+ 


A— M.L— L+1,SkipifL=0 


24 






a 

s. 


LAM- 


A— M,L— L-1,SkipifL=F 


25 






CO 


LMA+ 


M— A,L^L+1,SkipifL=0 


26 


"• 






LMA- 


M— A.L— L-1,SkipifL=F 


27 


. 






LAMM n2 


A — M,H— HVn2 


39-3B 








LAMD mm 


A— Md 


10mm 


2 


2 




LMAD mm 


Md— A 


11mm 


2 


2 




LMTD mm 


Md(w) -T (M(w), A), T=ROM table 


19mm 


2 


3 




LMCT 


M(w)-CT 


3E59 


2 


2 


. 


LCTM 


CT*-M(w) 


3E51 


2 


2 




LMSR 


M(w)-SR 


3E5A 


2 


2 




LSRM 


SR-M(w) 


3E52 


2 


2 




LTMM 


TM^(M(w),A) 


3E50 


2 


2 




PUSH 


ST— C,A, H.L, SP— SP-4 


1C 




3 




POP 


C,A,H.L-,STSP-SP+4 


ID 




3 




X 


A^ — ►M 


28 






C 


XM n2 


A^ — ►M.H— HVn2 


29-2B 






JZ 

o 

X 


X+ 


A^ — ►M.L— L+1,SklpifL=0 


3C 








X- 


A < — ► M, L — L-1 , Skip if L= F 


2C 






i| 


INA 


A— A+1,SkipifA=0 


30 






o 2 


INM 


M— M+1,SkipifM=0 


33 






C Q 


INL 


L— L+1,SklpifL=0 


31 
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INSTRUCTION LIST (Continued) 





Mnemonic 


Description 


Code 


Byte 


Cycle 




INH 


H— H4-1.SkipifM=0 


32 


1 


1 


c 

CD 


INMO mm 


Md— Md+1,SkipifMd=0 


12mm 


2 


2 


E 
2 


DCA 


A-A-1,SkipifA = F 


34 






;j~5 


DCM 


M-M-1,SkipifM=F 


37 






0) 

E 
o 


DCL 


L^L-1,SkipifL = F 


36 




1 


o 

c 


DCH 


H— H~1,SkipifH=F 


36 








DCMD mm 


Md-Md-1,SkipifMd=F 


13mm 








ADS 


A— A+M,SkipifCy=1 


02 








ADCS 


A, C — A+M+C, Skip if Cy=1 


01 




1 




ADC 


A,C-A+M+C 


03 




1 




AIS n 


A— A+n,SkipifCy=1 


3E4n 








DAA 


A— A+6 


06 








DAS 


A— A+10 


OA 








AND 


A— AVM 


OD 






0) 

E 


OR 


A^AVM 


06 






x: 
1 


EOR 


A-AVM 


04 








CMA 


A -A 


OB 








CIA 


A — A+1 


oc 








RAL 


Rotate Left with C 


OE 








RAR 


Rotate Right with C 


OF 








TC 


SkipifC=1 


09 








SC 


C-1 


07 








RC 


C-0 


08 








CAI n 


Skip if A =n 


3E0n 


2 


2 


£ 


CLI n 


SkipifL=n 


3E2n 


2 


2 


CO 

a 


CPI p, n 


SkipifPp=n 


17pn 


2 


2 


" 


CMI n 


SkipifM=n 


3E1n 


2 


2 




CAM 


Skip if A =M 


16 








TAB n2 


SkipifAblt(n2)=1 


64-67 






c 
o 


RAB m 


Abit(n2)— 


64-67 






Q. 
O 

m 


SAB n2 


Abit(n2)— 1 


74-77 






TMB m 


SkipifMbit(n2)=1 


68-6B 








RMB na 


MbitCns)— 


68-6B 
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INSTRUCTION LIST (Continued) 





Mnemonic 


Description 


Code 


Byte 


Cycle 




SMB n 


Mbit(n2)— 1 


78-7B 








TFB n2 


SkipifFbit(n2)=1 


5C-5F 








RFB n2 


Fbit(n2)-0 


6C-6F 






c 


SFB n2 


Fbit(n2)— 1 


7C-7F 






.2 

CO 


TPB na 


SkipifPbit(n2)=1 


50-53 






& 


RPB n2 


Pbit(n2)— 


60-63 






CD 


SPB n 


Pblt(n2)— 1 


70-73 








TPBD pn2 


SkipifPpblt(n2)=1 


3Dpo~3 


2 


2 




RPBD pn2 


Ppbit(n2)=0 


3Dp4~7 


2 


2 




SPBD pn2 


Ppbit(n2)=1 


3Dp8~B 


2 


2 




MEI 


MEIF—1 


3E60 


2 


2 




MDI 


MEIF— 


3E61 


2 


2 




EITB 


EITBF— 1 


3DC9 


2 


2 




EITM 


EITMF— 1 


3DCA 


2 


2 




EICT 


EICTF —1 


3DCB 


2 


2 




EIEX 


EIEXF— 1 


3DC8 


2 


2 




DITB 


EITBF— 


3DC5 


2 


2 




DITM 


EITMF— 


3DC6 


2 


2 




DICT 


EICTF— 


3DC7 


2 


2 




DIEX 


EIEXF— 


3DC4 


2 


2 


Q. 

E 


TUB 


SkiplfEITBF=1 


3DC1 


2 


2 




TITM 


SkiplfEITMF=1 


3DC2 


2 


2 




TfCT 


Skip If EICTF =1 


3DC3 


2 


2 




TIEX 


SkiplfEIEXF=1 


3DC0 


2 


2 




TQEX 


SkiplflRQEX=1 


3D20 


2 


2 




TQTB 


SkiplflRQTB=1 


3DD0 


2 


2 




TQTM 


Skip If IRQTM =1 


3DD1 


2 


2 




TQCT 


SkiplflRQCT=1 


3DD2 


2 


2 




TQSR 


SkiplflRQSR=1 


3DD3 


2 


2 




RQEX 


IRQ EX —0 


3D24 


2 


2 




RQTB 


IRQTB— 


3DD4 


2 


2 




RQTM 


IRQTM— 


3DD5 


2 


2 




RQCT 


IRQCT— 


3DD6 


2 


2 




RQSR 


IRQSR— 


3DD7 


2 

^ 1 


2 
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INSTRUCTION LIST (Continued) 





Mnemonic 


Description 


Code 


Byte 


Cycle 




ECT 


CTF— 1 (start) 


3DBB 


2 


2 


o 


ESR 


SRF —1 (start) 


3DBA 


2 


2 


5 2? 


DCT 


CTF —0 (stop) 


3DB7 


2 


2 




DSR 


SRF -0 (stop) 


3DB6 


2 


2 


B 


TCT 


SI<iplfCTF=1 


3DB3 


2 


2 


o 
o 


TSR 


Skip If SRF =1 


3DB2 


2 


2 




JCP 36 


PC-ae 


CO~FF 


1 


1 




JP ai2 


PC— a 12 


4a 12 


2 


2 




CZP a 


ST— PC+1,PC— 2a, 
SP— SP-4 


Ba 


1 


4 




CAL 812 


ST— PC+2,PC— ai2, 
SP— SP-4 


Aai2 


2 


4 


sz 
o 

1 


OPT 


P5,P4— T(M(w),A), 
T=ROM table 


18 


1 


3 




RT 


PC— STSP— SP+4 


IE 


1 


4 




RTS 


PC— STSP— SP+4, 
Skip unconditional 


IF 


1 


4 




JA 


PC — (PC— A)+1 


lA 


1 


1 




JM 


PC-(M(w),A) 


IB 


1 


2 


3 


IP 


A— P 


20 


1 


1 


a 
O 


IPD p 


A— Pp 


3DpD 


2 


2 




OP 


P— A 


23 


1 


1 




OPD p 


Pp-A 


3DpC 


2 


2 


o 


NOP 


No Operation 


00 


1 


1 


HALT 


Halt CPU 


3DB8 


2 


2 


O o 


STOP 


Stop Clock 


3DB9 


2 


2 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V, 


-0.3 to Vdd 


V 


Output Voltage 


vo 


-0.3 to Vdd 


V 


Power Dissipation 


Pd 


Ta = 25° C per package 


200 max. 


mW 


Ta = 25°Cperoutput 


50 max. 


mW 


Storage Tern perat u re 


Tstg 


- 


-55 to +150 


°C 


OPERATING RANGE 


Parameter 


Symbol 


Conditions 


Limits 


Unit 




Vdd 


noSO^IMHz 


3to6 


V 


Supply Voltage 


toSC)=4.2MHz 


4.5 to 5.5 


V 


Data-Hold Voltage 


Vddh 


f(OSC)=0Hz 


2 to 6 


V 


Operating Temperature 


Top 


- 


-40 to +85 


°C 


Fan Out 


N 


MOS Load 


15 




TTL Load 


1 





DC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 to +85°C) 




Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage*1.*2 


V|H 


- 


2.4 


- 


Vdd 


V 


"H" Input Voltage*3,M 


V|H 


- 


3.6 


- 


Vdd 


V 


"L" Input Voltage 


V|L 


- 


-0.3 


- 


0.8 


V 


"H" Output Voltage* "I .*5 


VOH 


IO = -15/uA 


4.2 


- 


- 


V 


"L" Output Voltage* 1 


Vol 


IO = 1-6mA 


- 


- 


0.4 


V 


"L" Output Voltage*5 


Vol 


IO = 15yuA 


- 


- 


0.4 


V 


Input Current*^ 


l|H/l|L 


V|=Vdd/OV 


- 


- 


15/-15 


mA 


Input Current*2,*4 


l|H/l|L 


V|=Vdd/OV 


- 


- 


1/-30 


mA 


"H" Output Current* 1 


•oh 


Vo = 2.4V 


-0.1 


- 


- 


mA 


"H" Output Current* 1 


'oh 


Vo= 0.4V 


- 


- 


-1.2 


mA 


Input Capacity 


C| 


f=1 MHz 
Ta=25°C 


- 


5 


- 




Output Capacity 


Co 


- 


7 


- 


pF 


Current Dissipation 
(when stop condition) 


'dds 


Vdd=2V, noload 
Ta=25°C 


- 


0.2 


5 


/xA 


Noload 


- 


' 


100 


^A 


Current Dissipation 


'dd 


Quarts oscillation 
f=4 MHz, no load 


- 


6 


12 


mA 



*1 Applied to PO, PI , P3, P4. P5, P6, P7 and P8 
*2 Applied to P2 *3 Applied to OSCo 



M Applied to RESET 



*5 Applied to OSCi 
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AC CHARACTERISTICS 

(VpD = 5V±1 0%. Ta = -40° to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Clock Pulse Width 
Clock (OSC) 


Vw 


- 


119 


_ 


_ 


nS 


Cycle Time 


tCY 


- 


952 


- 


- 


nS 


Input Data Setup Time 


tDS 


~ 


120 


- 


- 


nS 


Input Data Hold Time 


*DH 


- 


120 


- 


- 


nS 


Input Data, Input 
Clock Pulse Width 


tDW 


- 


120 


- 


- 


nS 


SR Data Setup Time 


tss 


- 


120 




- 


nS 


SR Data Hold Time 


tSH 


- 


120 




- 


nS 


Data Delay Time 


tDR 


Cl=15pF 


- 


- 


tcY + 300 


nS 


Data Delay Time at 
Mode Switching 


tDCR 


Cl=15pF 


- 


- 


7/8tcY + 300 


nS 


Data Delay Time at 
OPT Instruction 


tDI1 


Cl=16pF 


- 


- 


6/8tcY + 300 


nS 


Data Delay Time at 
OPT Instruction 


tDI2 


Cl=15pF 


- 


- 


7/8tcY + 300 


nS 


CT/TM Data Delay 
Time using TBC Clock 


tCT/tTT 


CL=15pF 


- 


- 


2/8tcY + 360 


nS 


SR/TM Data Delay 
Time using PR Clock 


tSR/tTR 


CL=15pF 


- 


- 


tcY + 480 


nS 


CT Data Delay Time 
using PR Clock 


tCR 


Cl=16pF 


- 


- 


1 0/8 tcY + 480 


nS 


CT Data Delay Time 
using External Clock 


tCP 


CL=15pF 


- 


- 


2/8tcY + 360 


ni 


SR/TM Data Delay 
Time using External 
Clock 


tsp/tjp 


Cl=50pF 


- 


~ 


, 360 


nS 


SR Clock Invalid Time 


tSINH 


- 


2/8 tcY 


- 


- 


nS 


INT Invalid Time 


t||NH 


- 


1/8 tcY 


- 


- 


nS 
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TIMING CHARTS 
Output Condition 



-1MC- 



OSCo 



Po/Pi'Pa 0,1,3 

P4.Ps.P6 PA = 4, 5,6 
P7.P8 7 or 8 



P02 PA = 9 or A 

Pm 



P4 



OPT INST. 



OPT INST. 



P, , TBC clock 



CT 
TM 



P02 Poj clock* SR 

Pii P,, clock* TM 



Poi Pio clock* CT 



P10.P01.P12 EXT clock 



CT 



P02 
Pii 



SR 
TM 



tDCR 



ton 



tDI2 



I 



tCT 
tTT 



tSR 
tTR 



tCR 



I 



=3 

^ tcp— *| 



■njr- 

JL 



tSP 
tTP 



h tcY " 

L tDR Ji 



I 



I 



J 



* Output Data to port will be clock for SR, TM or CT. 
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Input Condition 



OSCo 



IMC 



jr\nrvrin_ 



t0W t0W 

I »4 — : , 



P6.P7.P8 



1 



Poi 

P,2 

Pa 



INPUT 
DATA 



Y 



^DS tDH 



SR clock 
TM clock 



'^ 



tDW 



SR clock 



SI 



/ 



Y INPUT V 



^ss 



tSH 



osc„ 



IMC 



'^I^J^n^^f\- 



t| INH 



tS INH 



tS INH" Poi ^SR clock) INH period during LMSR INST. 
(Note: Poi is used for clock of SR) 

t| INH' P20 (interrupt) INH period during RPBand RPBD INST. 
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TYP. Current vs Voltage for High State Output 

Ooh) (voh) 



(Ta = 25°C) 



-1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 






































--^ 


















'N 


yoD 


= 6V 










.-,.,^^^ 




\ 














^v 


f 


\ 










"^^ 


V 


\ 


\ 










3V 


N. 


\ 


V 


\ 












\ 


\ 


\ 










\ 


\ 


\ 


\ 







3 4 

Voh (V) 



TYP. Current vs. Voltage for Low State Output 
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TYP. Supply Current vs. Supply Voltage 
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MSM6404VS 



MSM6404 PIGGY BACK 



GENERAL DESCRIPTION 

The MSM6404VS is a device whose built-in ROM Is replaced by external EPROM using the piggy- 
back method. 

FEATURES 

• Supply Voltage: 5V ± 5% • Frequency: DC ~ 4.2 MHz • Operating Temperature: ~ 70°C 

Note: There are a few differences in the electrical characteristics of this chip and the evaluation chip. 
Please refer to next page for the detail. 

PUTTING METHOD OF ROM 



Please refer to drawing below. 










ta^i^iiiiiiii 






ii 
) 


iiiiiiiSS^SS 






D 2764 


M6404VS 

OKI 

JAPAN 4X30 


) 2732A 


M6404VS 

OKI 

JAPAN 4X30 


iiiiiiiiiiiiii 


J 


iiiiiliiiiiifi 


/ 














PIN CONFIGURATION 



Pin Connection between MSM6404VS and EPROM 



ToA0~A12 
Of MSM6404VS 







ToDl0~D7 
of MSM6404VS 







Note: When putting 2732A, 

pin 1 , 2, 27, 28 are not used. 



A11 - 

10 - 

9 - 

8 - 

7 - 

6 - 

5 - 

4 - 

3 " 

2 ' 

1 . 

AO- 

DO- 



3- 
4- 

5 - 

6 - 
D7 - 

GND- 



-Vpp di 

-A12 C2 
~3 
4 
5 
6 



-A6 I 
-A5 I 
"A4 ! 



_A1 Hy 
—AOr 10 
—00 C 1 1 
—01 C 12 
—02(113 
-GNDC14 



28 3 VCC 

27 H PGM 

26 H N.C- 
25 3A8- 
24 ;] A9 - 
23 3 All - 



;A3 P 7 2764 22 ^ OE 



21NA10Z1 
20 HCE-ZL 

19 -]07 

18 U06 

17 II05 

16 II04 1 

15 II03- 
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DIFFERENCES BETWEEN MSM6404 AND MSM6404VS (PIGGY-BACK) 



Item 



6404 



6404VS (Piggy-Back) 



1. Port 

initialization 
during reset 



Port PO, 1 , 3 are set to "1 " and port 
2, 4, 5, 6, 7, 8 are reset to "0" 
directly by signal put into the 
RESET.. 



Port PO, 1 , 3 are set to "1 " and port 2, 
4, 6, 6,7, 8 are reset to "0" during reset 
cycle being executed. 



2. Timer 
Operation 



After being reset, timer stops 
counting until data are set in it. 



It is undecidable whether the timer 
starts counting or not after being reset. 
Therefore, the timer should be 
initialized by software. 



3. Shift register 



Serial Out F/F (SOF/F) is set to "0" 
after being reset. 



It is undecidable whether Serial Out 
F/F (SOF/F) is set to "0" or "1 " after 
being reset. Therefore Serial Out F/F 
should be initialized by software. 



4. Port 

input/output 
timing 



Internal clock 



Internal clock 



_ru 



Data are input 
at this moment 



Data are input 
at this moment 



Internal clock 



Synchronized 
with falling edge 



Internal clock 



>C 



x: 



Data are output 
at this moment 



Data are output 
at this moment 



5. Port 

input/output 
(maracteris- 
tics) 



TTL F0=1 

(IOL = 1-6mA0.4V) 



LSTTL F0=1 
(l0L= 0.4 mA 0.4V) 



vdp 



vddVdd 



P20~3 



-^ 



P20~3 



-i> 



TTL compatible input 
P00~P83 O [5>o 

(Except P20-3) 



CMOSinput 
P00~83 D — [>o 

(Except P20~3) 



Available 
ROM capacity 



4K byte 



Accessible up to 8K byte 



IPLcall 
instruction 



Not available 



Available 
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miconcluctor 



MSM6408 



HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM6408 microcontroller is a low power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 64K bits of mask program 
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and 
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in 
4-blt nibbles. RAM and I/O lines are bit addressable. 122 instructions include binary, BCD 
operations; bit set, reset, test; 8-bit I/O; relative jumps; multifunctional Instructional (increment, 
modify, skip) 8-blt wide table output; subroutine call and return. 



FEATURES 

• 8000 X 8 MASK ROM 

An evaluation board is available for up to 8K 
X 8. 

• 256 X 4 RAM (including the stack area) 

• 9 X 4 Ports, 36 I/O lines 

4 lines for Input ports having a latch, and the 
other 32 lines for bit operation are available. 

• Three built-in counters 

1 2-bit time-base counter 

1 2-bit programmable timer 

8-bit high-speed programmable timer/event 

counter 

• Built-in 8-blt serial I/O register (with 3-bit 
counter) 

• Five interrupts with five priority levels 
(4 internal, 1 external) 



• 32 stack levels (in RAM) 

• Power down features 

• Instruction execution time 
^.0|JLS 4.0 MHz clock 

• Instruction systems suitable for control 

• 1 22 instructions 

• Mask option 
P60-63 for input port 

• Full static operation 

• Low power consumption 

TYP0.4iLtWatVDD=2V 
TYP5MWatVDD=5V OHz clock 

• 5V single power supply, 42-pln DIP or 
44-pin FLAT 




BLOCK DIAGRAM 




J-Ut-tJ 



12 bit Timer P9 8bitT/C PA 8 bit SR 



H 12 bit TBC 





-OSCo 

•-TEST 
-RESET 
-Vdd 
-GND 



im tm im M mr mr mt It 

3210 3210 3210 3210 3210 3210 3210_32 1 0_321 

INTO I CIN_| |-L_SCK ^?5 ^ 
L-TMO Lso 
l-TCK L-SI 
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PIN CONFIGURATION 



(Top View) 42-pin Plastic DIP 


P40 [T 





liJVDD 


P41 [T 




41 1 P53 


P42 1 3 




40j P52 


P43 [T 




l9]P51 


P30 LL 




38]P50 


P31 [I 




37J P63 


,P32 1 1 




36] P62 


P33 1 8 




35] P61 


OSCqI 9 




34] P60 


osc^Qo 




33 1 P73 
32] P72 


resetQT 


TEST|12 




31J P71 


P20 01 




30] P70 


P21 (H 




29| P83 


P22 [l5 




28] P82 


P23 Re 




27]P81 


POO cn 




m P80 


P01 01 




2l]P13 


P02 [T9 




24] P12 


P03 [20 




m P11 


GND [2T 




m P10 











44 Pin Plastic Flat Package 






OmCVlT-OOcOCM^r-OO 






??^?§%?§J;5^S^ 




P31 L_L. 


33 1 P62 


P32 rr- ^ 


32 1 P61 


P33 1 3 ■ 


31 1 P60 


OSCo 1 4 




30 1 NC 


CSC, 15 


29 1 P73 


RESET 1 6 


28 1 P72 


TEST 1 7 




27 1 P71 


P20 1 8 




26 1 P90 


P21 \ 9 




25 J P83 


P22 1 10 




24 1 P82 


P23 1 11 




23 i P81 


CVICO-^inCON OOOOJ^ CM 




O.O.O.O.C5 Q.O.Q.Q.O. 






PIN DESCRIPTION 



Pin name 


Input/output 


Function 


When reset 


POO 

P01/SCK 
P02/SO 
P03/SI 


Input/output 


4-bit Input/output port. 

P01 to P03 are also used as serial interface 

terminals. 


"1" 


pio/cIn 

P11 /TMO 
PI 2 /TCK 
P13 


Input/output 


4-bit input port with latch. 

Built-in pull up register for all bit input. 


"1" 


P20/INT 
P21 
P22 
P23 


Input 


4-bit input port with a latch. P20 Is shared with INT 
input. (Fall trigger input) P21 — 23 are level input. 
Built-in puH up register for all bit Input. 


The latch is 
reset. 


P30-33 


Input/output 


4-blt input/output port 


"1" 


P40-43 


Input/output 


4-bit input/output port 


8-bit output port 


"0" 


P50-53 


Input/output 


4-bit input/output port 


"0" 


P60-63 


Input/output 


4-bit input/output port *1 


"0" 


P70-73 


Input/output 


4-bit Input/output port 


"0" 


P80-83 


Input/output 


4-bit Input/output port 


"0" 


OSCo 
OSC1 


Input/output 


X'tal connection terminal for system clock oscillation 


Oscillation 
wave 


TEST 


Output 


(Test terminal for Maker) 


Pulse output 


RESET 


Input 


System reset input terminal 




VDD 
GND 




Power source voltage supply 





Note: When each port is used for output, it is possible to drive one TTL (one input). 
* 1 Can be made as a port dedicated to input (mask option). 
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INSTRUCTION LIST 





Mnemonic 


Description 


Code 


Byte 


Cycle 




LAI 


n 


A— n 


9n 


1 


1 




LLI 


n 


L^n 


8n 


1 


1 




LHLI 


nn 


HL— nn 


16nn 


2 


2 




LMI 


nn 


■ 
M(w)^nn 


14nn 


2 


2 




LAL 


A — L 


21 








LLA 


L-A 


2D 








LAH 


A— H 


22 








LHA 


H— A 


2E 








LAM 


A — M 


38 








LMA 


M— A 


2F 






a 


LAM+ 


A— M,L— L+1,SkipifL=0 


24 






s£ 


LAM- 


A— M,L— L-1,SkipifL=F 


25 






(0 


LMA+ 


M— A,L— L+1.SkipifL=0 


26 






1 


LMA- 


M— A,L— L-1,SkipifL=F 


27 








LAMM 


n2 


A— M.H— HVna 


39~3B 








LAMD 


mm 


A— Md 


10mm 


2 


2 




LMAD 


mm 


Md-A 


1 1mm 


2 


2 




LMTD 


mm 


Md(w) *-T (M(w), A), T=ROM table 


19mm 


2 


3 




LMCT 


M(w)— CT 


3E69 


2 


2 




LCTM 


CT— M(w) 


3E51 


2 


2 




LMSR 


M{w) — SR 


3E5A 


2 


2 




LSRM 


SR— M{w) 


3E52 


2 


2 




LTMM 


TM— {M(w),A) 


3E50 


2 


2 




PUSH 


ST— C,A,H,L, SP— SP-4 


1C 




3 




POP 


CA.H.U— ST SP— SP+4 


ID 




3 




X 


A^ — ►M 


28 






8> 

C 
CO 


XM 


n2 


A^ — ►M.H— HVnz 


29-2B 






sz 
o 

i5 


X+ 


A ^ — ►M, L — L+1 , Skip if L=0 


3C 








X- 


A^ — ►M.L— L-1,SkipifL=F 


2C 






^1 


INA 


A— A+1,SkiplfA=0 


30 






E ^ 


INM 


A— M+1.SkipifM=0 


33 






C Q 


INL 


L— L+1,SklpifL=0 


31 
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INSTRUCTION LIST (Continued) 



B 





Mnemonic 


Description 


Code 


Byte . 


Cycle 




INK 


H-H+1,SkiplfM=0 


32 


1 


1 


c 

CD 


INMD mm 


Md— Md+1,SkipifMd=0 


12mm 


2 


2 


i 


DCA 


A— A-1,SkipifA=:F 


34 






i 


DCM 


M— M-1,SkipifM=F 


37 






(D 


DCL 


L— L-1,SkipifL = F 


36 






O 

c 


DCH 


H— H-1,SklpifH=F 


36 








DCMD mm 


Md;^Md-1,SkipifMd = F 


13mm 








ADS 


A— A+M,SkipifCy=1 


02 








ADCS 


A, C — A+M+C, Skip if Cy=1 


01 








ADC 


A,C— A+M+C 


03 








AIS n 


A— A+n,SkiplfCy=1 


3E4n 








DAA 


A— A+6 


06 








DAS 


A— A+10 


OA 






O 


AND 


A^AVM 


OD 






0) 

E 

c 


OR 


A^AVM 


05 






< 


EOR 


A—AVM 


04 








CMA 


A— A 


OB 








CIA 


A— A+1 


OC 








RAL 


Rotate Left with C 


OE 




1 




RAR 


Rotate Right with C 


OF 








TC 


SkipifC=1 


09 








SC 


C-1 


07 








RC 


C-0 


08 








CAI n 


Skip if A =n 


3E0n 


2 


2 


<D 


CLI n ; 


SkipifL=n 


3E2n 


2 


2 


CO 

a 

E 


CPI p, n 


Skipif Pp=n 


17pn 


2 


2 


i^ 


CMI n 


SkipifM=n 


3E1n 


2 


2 




CAM 


Skip if A =M' 


16 








TAB n2 


SkipifAbit(n2)=1 


54-67 






s 


RAB n2 


Abit{n2)^0 


64-67 






2 

1 


SAB n2 


Abit(n2)— 1 


74-77 






TMB n2 


Skip if Mbit (n 2) =1 


58-5B 








RMB n2 


Mbltina)— 


68-6B 
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INSTRUCTION LIST (Continued) 





Mnemonic 


Description 


Code 


Byte 


Cycle 




SMB n 


Mbit(nz)— 1 


78-7B 








TFB n2 


SkipifFbit(nz)=1 


5C-5F 




1 




RFB nz 


Fbit(nz)-0 


6C-6F 






§ 


SFB nz 


Fbit(n^-1 


7C-7F 






'2 


TPB nz 


SkipifPbit(n2)=1 


50-53 






& 


RPB nz 


Pbit(n2)*-0 


60-63 






OQ 


SPB n 


Pbit(n2)-1 


70-73 








TPBD pnz 


SkipifPpbit(nz)=1 


3Dpo~3 


2 


2 




RPBD pnz 


Ppbit(n2)=0 


3DP4~7 


2 


2 




SPBD pnz 


Ppbit{nz)=1 


3Dp8~B 


2 


2 




MEI 


MEIF-1 


3E60 


2 


2 




MDI 


MEIF-0 


3E61 


2 


2 




EITB 


EITBF -1 


3DC9 


2 


2 




EITM 


EITMF -1 


3DCA 


2 


2 




EICT 


EICTF -1 


3DCB 


2 


2 




EIEX 


EIEXF-1 


3DC8 


2 


2 




DITB 


EITBF -0 


3DC5 


2 


2 




DITM 


EITMF -0 


3DC6 


2 


2 




DICT 


EICTF -0 


3DC7 


2 


2 




DIEX 


EIEXF-0 


3DC4 


2 


2 




TUB 


Skip If EITBF =1 


3DC1 


2 


2 


a 
E 


TITM 


Skip If EITMF =1 


3DC2 


2 


2 





TICT 


Skip If EICTF =1 


3DC3 


2 


2 




TIEX 


SkiplfEIEXF=1 


3DC0 


2 


2 




TQEX 


SkiplflRQEX=1 


3D20 


2 


2 




TQTB 


SkiplflRQTB=1 


3DD0 


2 


2 




TQTM 


SkiplflRQTM=1 


3DD1 


2 


2 




TQCT 


Skip If IRQCT -1 


3DD2 


2 


2 




TQSR 


Skip If IRQSR =1 


3D03 


2 


2 




RQEX 


IRQ EX -0 


3D24 


2 


2 




RQTB 


IRQTB-0 


3DD4 


2 


2 




RQTM 


IRQTM-0 


3DD5 


2 


2 




RQCT 


IRQCT-0 


3PD6 


2 


2 




RQSR 


IRQSR— 


3DD7 


2 


2 
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INSTRUCTION LIST (Continued) 





Mnemonic 


Description 


Code 


Byte 


Cycle 




ECT 


CTF —1 (start) 


3DBB 


2 


2 


.1 


ESR 


SRF —1 (start) 


3DBA 


2 


2 


ial 


DCT 


CTF -0 (stop) 

• 


3DB7 


2 


2 




DSR 


SRF— (stop) 


3DB6 


2 


2 


s 


TCT 


Skip If CTF =1 


3DB3 


2 


2 




TSR 


Skip If SRF =1 


3DB2 


, 2 


2 




JCP ae 


PC-ae 


CO~FF 


1 


1 




JP ai2 


PC*-ai2 


4a 12 


2 


2 




UP 813 


PC— ai3 


3F 


3 


4 




CZP a 


ST— PC+1,PC— 2a, 
SP— SP-4 


Ba 


1 


4 


1 


CAL a 12 


ST— PC+2,PC— ai2, 
SP— SP-4 


Aai2 


2 


4 




RT 


PC— STSP— SP+4 


IE 


1 


4 




RTS 


PC— ST.SP- SP+4, 
Skip unconditional 


IF 


1 


4 




JA 


PC-(PC-A)+1 


lA 


1 


1 




JM 


PC— (M(w),A) 


IB 


1 


2 




IP 


A— P 


20 


1 


1 


3 
Q. 
3 

o 

:::5 

3 

a 


IPD p 


A— Pp 


3DpD 


2 


2 


OP 


P— A 


23 


1 


1 




OPD p 


Pp— A 


3DpC 


2 


2 




NOP 


No Operation 


00 


1 


1 


si 

O o 


HALT 


Halt CPU 


3DB8 


2 


2 


STOP 


Stop Clock 


3DB9 


2 


2 



164 



• MSM6408 • 



ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V| 


-0.3 to Vdd 


V 


Output Voltage 


vo 


-0.3 to Vdd 


V 


Power Dissipation 


Pd 


Ta = 25°C per package 


200 max. 


mW 


Ta = 25°C per output 


50 max. 


mW 


Storage Temperature 


Tstg 


- 


-55 to +150 


X 



OPERATING RANGE 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


^(0SC)=1MHz 


3to6 


V 


^(OSC) = 4.0MHz 


4.5 to 5.5 


V 


Data-Hold Voltage 


Vddh 


f(OSC)=0Hz 


2to6 


V 


Operating Temperature 


"Top 


- 


-40 to +85 


°C 


Fan Out 


N 


MOS Load 


15 




TTLLoad 


1 





DC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage*'''*2 


V|H 




2.4 


- 


Vdd 


V 


"H" Input Voltage*3,*4 


V|H 


- 


3.6 


- 


Vdd 


V 


"L" In put Voltage 


V|L 


- 


-0.3 


- 


0.8 


V 


"H" Output Voltage*! .*5 


VOH 


IO = -15;uA 


4.2 


- 


- 


V 


"L" Output Voltage* "J 


Vol 


l0 = 1.6mA 


- 


- 


0.4 


V 


"L" Output Voltage*5 


Vol 


IO = 15|aA 


- 


- 


0.4 


V 


Input Current*^ 


l|H/l|L 


V|=Vdd/OV 


- 


- 


15/-15 


mA 


Input Current*2.*4 . 


l|H/l|L 


V|=Vdd/OV 


- 


- 


1/-30 


mA 


"H" Output Current*! 


»OH 


Vo = 2.4V 


-0.1 


- 


- 


mA 


"H" Output Current* 1 


'oh 


Vo=0.4V 


- 


- 


-1.2 


mA 


Input Capacity 


C| 


f=1MHz 
Ta=25°C 


- 


5 


- 




Output Capacity 


Co 


- 


7 


- 


pF 


Current Dissipation 


'dds 


VDD=2V,noload 
Ta==25°C 


0.2 


5 


/xA 


(when stop condition) 


No load 


- 


1 


100 


^A 


Current Dissipation 


IDD 

1 


Quarts oscillation 
f=4 MHz, no load 


- 


6 


12 


mA 



*1 Applied to PO, PI , P3, P4, P5, P6, P7 and P8 
*2 Applied to P2 *3 Applied to OSCo 



*4 Applied to RESET 



*5 Applied to OSCi 
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AC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 to +85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Clock Pulse Width 
Clbck (OSC) 


^W 


' - 


125 


- 


- 


nS 


CycleTime 


tCY 


'- 


1 


- 


- 


mS 


Input Data Setup Time 


^DS 


- 


120 


- 


- 


nS 


Input Data Hold Time 


^DH 


- 


120 


- ' 


- 


nS 


Input Data, Input 
Clock Pulse Width 


^DW 


- 


120 


- 


- 


nS 


SR Data Setup Time 


tss 


- 


120 


_ 


- 


nS 


SR Data Hold Time 


tSH 


- 


120 


- 


- 


nS 


Data Delay Time 


tDR 


Cl=15pF 


- 


- 


tcY+300 


nS 


Data Delay Time at 
Mode Switching 


tDCR 


Cl=15pF 


- 


- 


7/8tcY+300 


nS 


CT/TM Data Delay 
Time using TBC Clock 


tCT/tTT 


Cl=15pF 


- 


- 


2/8tcY+360 


nS 


SR/TM Data Delay 
Time using PR Clock 


tSR/tTR 


Cl=15pF 


- 


- 


tcY+480 


nS 


CT Data Delay Time 
using PR Clock 


tCR 


Cl=15pF 


- 


- 


10/QtcY+480 


nS 


CT Data Delay Time 
using External Clock 


tCP 


, Cl=15pF 


- 


- 


-2/8tcY+360 


nS 


SR/TM Data Delay 
Time using External 
Clock 


tsp/tjp 


Cl=50pF 


- 


- 


360 


nS 


SR Clock Invalid Time 


^SiNH 




2/8 tcY 


- 


- 


nS 


INT Invalid Time 


t|INH 


- 


1/8 tcY 


- 


- 


nS 
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TIMING CHARTS 
Output Condition 



-1MC- 



OSCo 



Po.Pi'Pa 0,1,3 

P4'P5.P6 PA = 4, 5,6 
Pt'Pr 7 or 8 




tCY 



tDR 



Poi 
Po. 
Pn 



PA = 9 or A 



tDCR 



P,, TBC clock 



CT 
TM 



I 



tCT 



Po2 P^j clock* SR 

Pii Pj2 clock* TM 



P.ft clock* CT 



PiO'Poi.Pi2 EXT clock 



CT 



SR 
TM 



tSR 
tTR 



tCR 



I 



tcp — H 



I 



tSP 
tTP 



I 



I 



* Output Data to port will be clock for SR, TM or CT. 
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Input Condition 



OSCo 



P3,P4,Ps 
P.,P,,P« 



Poi 

Pl2 
P2 



SR clock 
TM clock 



SR clock 



SI 



OSCo 



IMC 



'jr\nj\rLr^ 



t0W t0VV 



Y INPUT f 



tDS tpH 





\ 1 


1 • — 




tDW 




J 


/ ' 


>> 



/ 



f INPUT Y 



tss 



tSH 

4 1*' 



1MC 



I t| iNH 



l/^ 



tS INH 



tS INH: Poi <SR clock) INH period during LMSR INST. 
(Note: Poi is used for clock of SR) 

t| INH- P20 (Interrupt) INH period during RPBand RPBD INST. 
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TYP. Current vs Voltage for High State Output 

doH) (voh) 



(Ta = 25° C) 



-1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 




































■ 


-^ 


















'N 


yoD 


= 6V 










^ 




\ 














X 


1 


\ 










"^4 


V 


\ 


\ 










3V 


fN. 


\ 


V 


\ 








>* 


\ 


\ 


\ 










\ 


\ 


\ 


\ 







3 4 5 

Voh (V) 



TYP. Current vs. Voltage for Low State Output 

doL) (Vol) 



(Ta = 25°C) 



20 

18 

16 

14 

12 

10 

8 

6 

4 

2 





klj 


/ 


^v 


'PD 


= 5V 












1 


r 


















/ 




















/ 


^ 


^ 


4V 












I 


Y 




















1 


















i 
1 


y 




■3V 














1/ 


r 


















V 




















r 





















2 3 4 5 6 

Vol(v) 



7 8 9 10 



TYP. Maximum Oscillator Frequency vs 

f(OSC) Temperature 

(Ta) 



(CL = 15pF) 



11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




















> 


















X 


N 
















V 


\v 


DD = 


5V 














^ 


^-. 


^ 





































































































TYP. Maximum Oscillator Frequency vs. 
f(OSC) 



o 

CO 

o 



Supply Voltage 

(Vdd) 



-40 -20 20 40 60 80 100 

Ta rc) 



11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




(Ta = 


25" C, 


CL = 


15pF) 


















































y 


/ 














/ 














/ 














/ 


/ 












> 


/ 














/ 
















































. 














3 4 5 

Vdd <v) 
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MSM6411 



CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM641 1 microcontroller is a low-power, high-performance single-chip device 
implemented in complementary metal oxide semiconductor technology. 1024 x 8 bits of program 
ROM, 32 X 4 bits of data RAM, 1 1 Input/Output lines and oscillator. Program memory is byte wide 
and data paths are organized as 4-bit wide. 63 instructions include binary, logical operations; bit set, 
reset, test; multifunctional. 



FEATURES 




• 1024 X 8 Internal ROM 

• 32 X 4 Internal RAM 

• 111/0 Lines (8 I/O Lines, 3 Input Lines) 

• 8-bit serial I/O Register 

• 2 Interrupt Levels 

• 8 Stack Levels 

• 952 ns 4.2MHz (Vdd5V±10%) 



FUNCTIONAL BLOCK DIAGRAM 



63 Instructions 

Self-Contained Oscillator 

-40 to +85°C Operating Temperature 

3 to 6V Operating Vpo 

Low Power Consumption 5 ^tW Typical 

(STOP, VpD=5V, no load) 

Mask Option Crystal/Ceramic 

Oscillator 



RAM 
32 X 4 



\ DEC / 





t' 


\ 










SP 
2 


3 ' ol 1 


H 




• 




' 



ACC 
3 
TV 



43- 



ALU 



Tv 



'NST. /* 

DEC. ^~l 



ROM 
1 024 X 8 



.tt— t, 



P2 

2 1 



tilt 



PO I SR C 

3 2 1 I [ I ^ ^ 



''ft'' 

SI so 



RESET OSCo OSCi 
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LOGIC SYMBOL 



PIN CONFIGURATION 















3 




5V ► 


Vdd 




"3 SI 














GND 




2 SO 






2 






PO 






o 

cc 


RESET *^ 


RESET 
OSCo 




1 SCK 








1 



o 

Q. , 






* 






^ 


* 




CLOCK 














M c 


OSCi 




3 


^ 




3 ^ 






^ 




- 


^ 


















2 




2 






2 




CM 




P1 






DC 


DC 






P2 










O 
CL 


k: 


fc^c 


>INT 




















































(Top View) 

16 PIN PLASTIC DIP (RS) 




W 




P12|T 




iIvdd 


P13[T 




[5|P11 


P20/INt|T 




r^pio 


P2l[4 




r3|P03/SI 


P22[? 




ij P02/S0 


0SCi[6 




lT]P01/SCK 


OSCo [7 
GND [a 




?o]poo 


T] RESET 









PIN DESCRIPTION 



Designation 


Input/Output 


Pin No. 


Function 


Reset 


POO 

P01/SCK 
P02/SO 
P03/SI 


Input/Output 


10 
11 
12 
13 


4 Bits I/O port. 

P01 to Pb3 are used both I/O 

port and terminal of shift resister 


"1" 


P10 
P11 
P12 
P13 


Input/Output 


14 
15 

1 
2 


4 Bits I/O port 


"1" 


P20/INT 

P21 

P22 


Input 


3 
4 
5 


3 Bits input port with latch. 
P20 is used as both input port and 
input terminal of INT (input of 
falling edge trigger). 


Latch is reset. 
("0") 


OSCo 


Input 


7 


Input terminal of system clock. 
Oscillation circuit consists of 
OSCo and OSCi. 


Clock pulse In 




Output 


6 


Oscillation circuit consists of 
OSCo and OSCi. 




OSCi 






Input 


t9 


Input terminal of system reset 




RESET 




Vdd 

GND 


Input 


16 
8 


Main power source and circuit 
GND potential. 
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FUNCTIONAL DESCRIPTION 

ROM 

ROM is organized in 1024 words by 8 bits. It 
is used to stored developed application 
programs (Instructions). It is addressed by the 
program counter (PC). 

PC 

The PC consists of a 10-bit binary counter 
and is used to address ROM. 

Stack and Stack Pointer 

An interrupt or CAL instruction causes the 
contents of the PC to be saved in the stack. The 
PC is restored from the stack by RT instruction. 

All RAM locations (up to 8 levels) are 
available as the stack. Note that four words of 
RAM are used for each level. 

The stack pointer is a 6-bit up-down counter 
that points to the address of the next stack to be 
used. It allows the RAM locations to be used as a 
push-down stack. 

RAM 

RAM consists of up to 32 words 4 bits wide. It 
is addressed by the H- and L-registers or by the 
contents of the second byte of an instruction. 

L-REGISTER 

A 4-bit register which specifies RAM 
locations A3-A0. 

H-REGISTER 

A 1-bit register which specifies RAM location 
A4. 



ALU 

A 4-bit logic circuit that provides arithmetic 
and logical operations. 

ACC 

Consisting of a 4-bit register, the 
accumulator holds the result of operations or the 
data present on ports. 

C FLAG 

The flag that holds a carry generated from the 
result of operations. 

INPOT/OUTPUT Ports (2X4 bit) 

Organized into 4 bits, 2 ports are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in instructions. 

Input Ports (1X4 bit) 

Contained port 2 (P2), which is an input port 
with latching function. P20 Is set at falling edge 
of the input signal P21 and P22 are set at "0" 
level inputs. Also, P20 is used as an interrupt 
request flag. When P20 is set and an interrupt 
operation occurs, it is automatically reset. 

TIMING CONTROL (TO 

A level on the RESET pin for longer than 2 
machine cycles initializes the internal circuitry. 

Clock pulses are supplied to the XT pin from 
an external source. Also, by mask-option, it 
organizes a circuit of oscillation with P20 and 
produces clock pulses (by connecting externally 
to crystal, ceramic or CR). 
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INSTRUCTION LIST 





Mnemonic 


Description 


Code 


Byte 


Cycle 




LAI n 


A^n 


90-9F 


1 


1 




LLI n 


L-n 


80-8F 


1 


1 




LHLI nn 


HL-nn 


15nn 


2 


2 




LAL 


A-L 


21 


1 


1 


a 


LLA 


L-A 


2D 


1 


1 




LAM 


A^M 


38 


1 


1 


(0 

a. 


LMA 


M— A 


2F 


1 


1 


13 

5 


LAMD mm 


A-Md 


10mm 


2 


2 


-J 


LMAD mm 


Md — A 


11mm 


2 


2 




LMSR 


M(w)— SR 


3E5A 


2 


2 




LSRM 


SR-M(w) 


3E52 


2 


2 




PUSH 


ST — C,A,H, L, SP — SP-1 


1C 




3 




POP 


C,A,H,L-ST, SP-SP+1 


ID 




3 


3 Q- 


IPD p 


A — Pp 


3DpD 




2 


as 
£0 


OPD p 


Pp — A 


3DpC 




2 




ADS 


A-A+M, SKIPIFCy = "1" 


02 








ADC 


C,A-C+A+M 


03 








AIS n 


A — A+n, SKIPIFCy = "1" 


3E4n 








DAS 


A — A+10 


OA 








AND 


A — AAM 


OD 






E 


EOR 


A — AVM 


04 






CMA 


A-A 


OB 






< 


CAM 


SKIPIFA = M 


16 








SC 


C-"1" 


07 








RC 


C-"0" 


08 








TC 


SKIPIFC = "1" 


09 








RAL 




OE 






o 


/ A \ 
pC— 3 — 2 — 1 —0-^ 




c 


X 


A^ — ^M 


28 






^^ 


INL 


L-L+1,SKIPIFL = "0" 


31 






^E 
® 


INH 


H — H+1,SKIPIFH = "0" 


32 






Is 


iNM 


M — M+1.SKIPIFM = "0" 


33 
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INSTRUCTION LIST (CONT.) 





Mnemonic 


Description 


Code 


Byte 


Cycle 


^^ •*-' 


INMD mm 


Md — Md+1 , SKIP IF M,d = "0" 


12mm 


2 


2 


C 

E 1 


DCL 


L-L-1,SKIPIFL = T" 


36 


1 




2^§ 


DCH 


H — H-1 


36 


1 






DCM 


M-M-1,SKIPIFM = T" 


37 


1 






TAB n2 


SKIPIF[Abltn2] = "1" 


54-57 


1 






TMB n2 


SKIP IF [M bit n2] = "1 " 


58-5 B 


1 




C 

o 


RMB n2 


lMbitn2]— "0" 


68-6B 


1 




1 


SMB n2 


[Mbitn2]— "1" 


78-7B 


1 




o 
m 


TPBD p, n2 


SKIPIF[Ppbitn2] = "1" 


3D p0~3 


2 


2 




RPBD p, n2 


[Pp bit n2] - "0" 


3D p4~7 


2 


2 




SPBD p, n2 


[Ppbitn2]— "1" 


3D p8~B 


2 


2 




JCP a6 


PC^a6 


CO~FF 


1 


1 


JO 
o 


JP a10 


PC— a10 


40 43 
OO^FF 


2 


2 


2 
en 


CAL a10 


ST — PC+2, PC^alO, 
SP — SP-1 


AO A3 
00 FF 


2 


4 




RT 


PC — ST,SP — SP+1 


1E 


1 


4 




MEi 


MEIF-"1" 


3E60 


2 


2 




MDI 


MEIF-"0" 


3E61 


2 


2 




EICT 


EICTF — "1" 


3DCB 


2 


2 




EIEX 


EIEXF — "1" 


3DC8 


2 


2 




DICT 


EICTF*-"0" 


3DC7 


2 


2 


3 


DJEX 


EIEXF — "0" 


3DC4 


2 


2 




TICT 


SKIPIFEICTF = "1" 


3DC3 


2 


2 




TIEX 


SKIPIFEIEXF = "1" 


3DC0 


2 


2 




TQEX 


SKIPIFIRQEX = "1" 


3D20 


2 


2 




TQSR 


SKIPIFIRQSR = "1" 


3DD3 


2 


2 




RQEX 


IRQEX-"0" 


3D24 


2 


2 




RQSR 


IRQSR — "0" 


3bD7 


2 


2 


o 


ESR 


SRF — "1" 


3DBA 


2 


2 




DSR 


SRF-"0" 


3DB6 


2 


2 


CO 2: 


TSR 


SKIPIFSRF = "1" 


3DB2 


2 


2 


2 


STOP 


STOP CLOCK 


3DB9 


2 


2 


O o 


NOP 


NO OPERATION 


00 


1 


1 
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ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 ~ 7 


V 


Input Voltage 


V| 


-0.3 ~ Vdd 


V 


Output Voltage 


vo 


-0.3 ~ Vdd 


V 


Power Dissipation 


Pd 


Ta = 25°C 
per one package 


200 max. 


mW 


Ta = 25°C 
per one output 


50 max. 


mW 


Storage Temperature 


Tstg 




-55 ~ +150 


°C 



OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Supply Voltage 


Vdd 


f(OSC)llMHz 


3~6 


V 


f(OSC) S 4.2MHz 


4.5-5.5 


V 


Data-Hold Voltage 


Vddh 


f (OSC) = OHz 


2-6 


V 


Operating Temperature 


Top 


- 


-40 - +85 


°C 


Fan Out 


N 


MOS Load 


15 




TTL Load 


1 
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DC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 - +85°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ 


Max. 


Unit 


"H" Input Voltage *1,*2 


V|H 




2.4 


- 


Vdd 


V 




"H" Input Voltage *3,M 


V|H 




3.6 




Vdd 


V 




"L" Input Voltage 


V|L 




-0.3 


- 


0.8 


V 




"H" Output Voltage M,*5 


VOH 


lO = -1 5/LtA 


4.2 


- 




V 


"L" Output Voltage *1 


Vol 


lO = 1 .6mA 


- 


- 


0.4 


V 


"L" Output Voltage *5 


Vol 


IO = 15/xA 




- 


0.4 


V 


Input Current *3 


l|H/ 
X 'IL 


V| = Vdd/ov 


- 


- 


15/ 
/15 


M 


Input Current *2,*4 


hH/ 

/•IL 


V| = Vdd/OV 


- 


- 


1/ 
/30 


mA 


"H" Output Current *1 


'oh 


Vo = 2.4V 


-0.1 


- 


- 


mA 


"H" Output Current *1 


'oh 


VO = 0.4V 


- 


- 


-1.2 


mA 


Input Capacitance 


C| 


f=1MHz.Ta = 25°C 


- 


5 


- 


PF 


Output Capacitance 


Co 


- 


7 


- 


Power Consumption 
(STOP) 


'dds 

■ 


Vnn = 2V, no load 
Ta = 25°C 


- 


0.2 


5 


/xA 


No load 


- 


1 


100 


/^A 


Power Consumption 


iDD 


Crystal oscillation, 
No load, 4.2MHz 


- 


6 


12 


mA 



*1 Applied to PO and PI . 
*2 Applied to P2. 
*3 Applied to OSCo 
*4 Applied to RESET 
*5 Applied to OSCi 
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AC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 ~ +85°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ 


Max. 


Unit 


Clock (OSCo) Pulse Width 


t(/)W 


- 


119 


- 


- 


ns 


Cycle Time 


tCY 


- 


952 


- 


- 


ns 


Input Data Setup Time 


tDS 


- 


120 


- 


- 


ns 


Input Data Hold Time 


^DH 


- 


120 


- 


- 


ns 


Input Data/Input Clock 
Pulse Width 


tDW 


- 


120 


~~ 


- 


ns 


SR Clock Pulse Width 


tsw 


- 


t0w 




- 


ns 


SR Data Setup Time 


tss 


- 


120 


- 


- 


ns 


SR Data Hold Time 


tSH 


- 


120 


- 


- 


ns 


Data Delay Time 


tDR 


Cl=15pF 


- 


- 


tCY 
+300 


ns 


SR Data Delay Time* 


tSR 


CL=15pF 


- 


- 


tCY 
+480 


ns 


SR Data Delay Time 
Using External Clock 


tSP 


CL=15pF 


- 


- 


360 


ns 


SR Clock Invalid Time 


tSINH 


- 


2/8 
tCY 


- 




ns 



When SR clock is oscillated by alternate output of "1 " or "0" to P01 . 
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TIMING CHART 



osco 



PO, PI , P2 



P0,P1 



P02/S0 



POI/SCK 



P03/SI 



P02/SO 



P2 



t0W ' t<AW 



_1MC_ 
tCY 




1 




bs tDH 



-tDR- 



-tSR- 







tSS tSH 



tsp' 






-1MC- 



OSCO 



P01 SCK inhibit period 
during LMSR INST. 



ui_r\npj^ 



*-tSINH-^ 
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TYP. Maximum Oscillator Frequency 

f(OSC) 
vs Supply Voltage j^^ 25°c 



N 

I 

o 

CO 

o 



(VDD) 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




CL= 1 5pF 































/ 


^ 


















/ 


















/ 




















/ 


















/ 


















































































,.., 








1 







23456789 10 
VDD(V) 



TYP. Current vs Voltage for High State Output 

("oh) (Voh) 



-1.0 
-0.9 
-0.8 
-0.7 
-0.6 



g -0.5 
-0.4 
-0.3 
-0.2 
-0.1 



Ta = 25°C 











































— 






















V^DD 


= 6V 














> 


\ 














^ 




^^v 


\ 
















4V 


s 


\ 


\ 












^ 


\ 


\ 


\ 


I 










■—J 


2^ 


> 


\ 


\ 


\ 














N 


\ 


\ 


\ 











23456789 10 

Voh (V) 



TYP. Maximum Oscillator Frequency 

f(OSC) 
vs Temperature 

(Ta) CL= 1 5pF 

10 

9 

8 

7 

^ 6 

5 

4 

3 

2 

1 



-40 40 80 1 20 

-20 20 60 100 

Ta(°C) 



X 

o 

CO 

o 































"^--^ 




















\fr 


ID= 


5V 


*^ 















































































































































TYP. Current vs Voltage for Low State Output 
(»ol) (Vol) 



20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

















Ta 


= 25°C 




6Vi 


y 


y^ 


■— " 


■Vdd = 5V 








/ 


/ 


















h 




















11 


_^ 


^^ 


4V 












1 


/ 


/" 
















1 


1 


















ll 


M^ 


, 


2N 














Uj 


/^ 


















V 




















f 






















23456789 10 

Vol (V) 
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TYP. Supply Current vs Supply Voltage 

Odd) <Vdd) 



^ 00 fjL 



< 

Q 




100n 
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miconcluctor 



MSM6422 



CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM6422 is a low power, high performance single-chip device implemented in 
complementary metal oxide semiconductor technology. 

Integrated onto a single chip are 16K bits of mask program ROM; 256 bits of data RAM; 18 
Input/Output lines and oscillator. Program memory is byte wide and data-paths are organized in 4 bit 
nibbles. RAM and I/O lines are bit addressable. 63 instructions include Binary, BCD operations; Bit 
set, Reset, Test; Subroutine call and return. 



FEATURES 



Low power consumption - 30 mW Typical 

2048 X 8 Internal ROM 

64 X 4 Internal RAM 

1 8 I/O Lines include 8 Bit Data Bus 

Self-contained Oscillator 

63 instructions 

2 Interrupt Levels 

1 6 Stack Levels 



FUNCTIONAL BLOCK DIAGRAM 



-40 to +85°C Operating Temperature 

4.5 to 5.5V Operating Vpo at 4.2 MHz 

3 to 6V Operating Vqd at 1 MHz 

TTL Compatible 

952ns Cycle Time @ 4.2MHz 

(Vdd5V±10%) 




RAM 
64X4 



TZnZEE 
\ p^g / 



JE 



ACC 



-II}y^ 



yv 



INST 
DEC 



<^ 



ROM 
2048x8 



\ 



TTTTT 



3E 



52L 



interrupt 
Control 



1 



321 



3210 32 10 



Timing 

& 
Control 



321 



II I! 1 



G V 
N D 
D D 



O R 
S S E 
CCS 

1 E 

T 
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LOGIC SYMBOL (Top View) 



PIN DESCRIPTION 




24 PIN PLASTIC DIP (RS) 


24 PIN FLAT PACKA 


GE 


P207!NT [T 
POO |T 


v^ 


24] Vdd 

2§ P51 




P2o/Int[T 


o 


24] Vdd 


P01 [? 




HI P50 


POO [2] 


23] P51 


P02 fT 




21) P43 


P01 [£ 




22]P50 


P03 [K 




20| P42 


P02[T 




"2i1P43 


p^° IE. 




li P"*^ 


P03[5; 




20JP42 




P10| 6 




19| P41 


P11 [T 




lH P40 


P11 [X 




l¥lP40 


P12 [f 




iTl P33 


P12[T 




T7lP33 


P13 g 




Te] P32 


Pisfg" 




T6]P32 


osc, |To 




Ti] P31 


osc, [20 




T5lP31 


osco [Ti 




14J P30 


osCoQi 

GND(T2 




T4lP30 


13] RESET 


GND |T2 




Ig! RESET 


, 





















Terminal symbol 


Input/Output 


Function 


Reset 


POO 
P01 
P02 
P03 


I/O 


4-blt I/O ports 

(pseudo bidirectional 

configuration) 


"1" 


P10 
P11 
P12 
P13 


I/O 


4-bit I/O ports 

(pseudo bidirectional 

configuration) 


"1" 


P30 
P31 
P32 
P33 


I/O 


4-bit I/O ports 

(pseudo bidirectional 

configuration) 


"1" 

■ 


P40 
P41 
P42 
P43 


I/O 


4-bit I/O ports 

(pseudo bidirectional 

configuration) 


"0" 


P50 
P51 


I/O 


2-bit I/O ports 

(pseudo bidirectional 

configuration) 


"0" 


P20/INT 


Input 


1 -bit input port with a latch. 

Combined use with an 

interrupt input(falling edge 

trigger input) 


The latch is 
reset to "0". 


OSCo 


Input 


System clock (SYSCLK) 

input terminal. This provides 

an oscillation circle with 

OSCi terminal. 


- 




Output 


System clock output 

terminal. This provides an 

oscillation circle with 

OSCo terminal. 




OSCr 






Input 


RESET input terminal. 




RESET 


- 


Vdd 

GND 


Input 


Power Supply terminals. 


- 
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FUNCTIONAL DESCRIPTION 

Program ROM 

Organized into as many as 2,048 words by 8 
bits, ROM is used to store developed application 
programs (instructions). It is addressed by the 
program counter (PC). 

Data RAM 

RAM consists of up to 64 words 4 bits wide. It 
is addressed by the H- and L-registers or by the 
contents of the second byte of an instruction. 

Input/Output Ports 

18 input/output port lines are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in instructions. 

P20/iNT PIN (1 line) 

A low on this interrupt input pin sets the 
interrupt request flag. The flag is automatically 
reset when an external interrupt occurs. 
The line can be used as an input port when 
interrupt is not used. 

1 2- BIT TIME BASE COUNTER (TBC) 

The time base counter consists of a 1 2-bit 
binary counter. An interrupt request is generated 
each time an overflow occurs from the division of 
OSCo input signals by 2 ^^ 

PROGRAM COUNTER (PC) 

The program counter (PC) consists of a 
11 -bit binary up counter. It is used to address 
ROM. 

STACK AND STACK POINTER (SP) 

An interrupt or subroutine call (CAL) causes 
the contents of the program counter to be saved 



in the stack. The program counter is restored 
from the stack by the RT instruction. 

All RAM locations (up to 16 levels) are 
available as the stack. Note that four words of 
RAM are used for each level. 

The stack pointer is a 4-bit up-down counter 
that points to the address of the next stack to be 
used. It allows the RAM locations to be used as a 
push-down stack. 

L-REGISTER 

A 4-bit register which specifies RAM lo- 
cations A3-A0. 

H-REGISTER 

A 4-bit register whose two low-order bits 
specify RAM locations A5-A4. 

ALU 

The 4-bit logic circuit that provides arithmetic 
and logical operations. 

ACCUMULATOR (Ace) 

Consisting of a 4-bit register, the accu- 
mulator holds the result of operations or the data 
present on ports. 

C-FLAG 

The flag that holds a carry generated from the 
result of operations. 

TIMING CONTROL (TC) 




A level on the RESET pin for longer than a 
predetermined period initializes the internal 
circuitry and ports. 

Clock pulses are supplied to the OSCo pin 
from an external source. A crystal or ce ramic 
oscillator may be connected to OSCo and OSCi 
to form an oscillator circuit to produce clock 
pulses. 



ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.3 ~ 7 


V 


Input Voltage 


V| 


-0.3- Vdd 


V 


Output Voltage 


vo 


-0.3- Vdd 


V 


Power Dissipation 


Pd 


Ta = 25°C 
per one package 


200 max. 


mW 


Ta = 25°C 
per one output 


50 max. 


mW 


Storage Temperature 


Tstg 


— 


-55- +150 


°C 
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OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Supply Voltage 


Vdd 


f(0SC)<1MHz 


3-6 


V 


f(OSC)< 4.2MHz 


4.5-5.5 


V 


Memory-Hold Voltage 


Vddh 


_. 


2-6 


V 


Operating Temperature 


Top 


- 


-40 -+85 


°C 


Fan Out 


N 


MOS Load 


15 


- 


TTL Load 


1 


- 



DC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 ~ +85°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


"H" Input Voltage *1,*2 


V|H 


- 


2.4 


- 


Vdd 


V 


"H" Input Voltage *3,*4 


V|H 


- 


4.2 


- 


Vdd 


V 


"L" Input Voltage 


VjL 


- 


-0.3 


- 


0.8 


V 


"H" Output Voltage *1,*5 


VOH 


IO = -15/LtA 


4.2 


- 




V 


"L" Output Voltage M 


Vol 


Iq = 1 .6mA 


- 


- 


0.4 


V 


"L" Output Voltage *6 


Vol 


lO = 1 5/xA 


- 


- 


0.4 


V 


Input Current *3 


""A, 


V|=Vdd/OV 


- 


- 


15/ 
/-15 


/xA 


Input Current *2,*4 


''%L 


V|=Vdd/OV 


- 


- 


/-3Q 


/.A 


"H" Output Current*! 


'OH 


Vo = 2.4V 


-0.1 


- 


- 


mA 


"H" Output Current *r 


'OH 


Vo = 0.4V 


- 


- 


-1.2 


mA 


Input Capacity 


C| 


f = 1MHz,Ta = 25°C 


- 


5 


- 


PF 


Output Capacity 


Co 


- 


7 


- 


Current Consumption 
(STOP) 


'dds 


Vnn = 2V, no load 
Ta = 25°C 


- 


0.2 


5 


M 


No load 


- 


1 


100 


mA 


Current Consumption 


•dd 


Crystal oscillation, 

No load, 4.1 94304MHz 


- 


6 


12 


mA 



*1 Applied to PO, P1 , P3, P4, and P5 
*2 Applied to P2 
*3 Applied to OSCo 



*4 Applied to RESET 



*5 Applied to OSCi 



184 



-• MSM6422 • 



AC CHARACTERISTICS 

(Vdd = 5V±1 0%, Ta = -40 ~ +85°C) 



Parameter 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


Clock (OSCo) Pulse Width 


Vw 




119 


- 


- 


ns 


Cycle Time 


tCY 


- 


962 


- 


- 


ns 


Input Data Setup Time 


tDS 


- 


120 


- 


- 


ns 


Input Data Hold Time 


tDH 


- 


120 


- 


- 


ns 


Input Data/Input Clock 
Pulse Width 


tDW 


- 


120 


- 


- 


ns 


Data Delay Time 


tDR 


Cl=15pF 




- 


tcY +300 


ns 



1 MC 



tcY 



t(/>W 



t(/>W 



P0,Pl,P3 
P4,P5 



P0.Pl,P3 
P4,P5 



P20/INT 



A 




\\ INPUT V 



DATA 



tDS 



tDH 



IV 



tDR 



tDW 



T 
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INSTRUCTION SET 





Mnemonic 


Hex op code 


Byte 


Cycle 


Description 




LAI n 


90-9F 






Acc^n 




LLI n 


80-8F 






L-n 




LAL 


21 






Acc^L 




LLA 


2D 






L — Ace 




LAH 


22 






Ace — H 




LHA 


2E 






H— Ace 


-o 


LAM 


38 






Ace — M 


CO 

3 


LMA 


2F 






M— Ace 




X 


28 


1 




Ace — M 




LMI nn 


14-nn 


2 


2 


M(W)— nn 




LHLI nn 


15 -nn 


2 


2 


HL — nn 




LAMD mm 


10 -mm 


2 


2 


Ace - Md 




LMAD mm 


1 1 -mm 


2 


2 


Md-Ace 




IPO p 


3D.pD 


2 


2 


Ace — Pp 




OPD p 


3D.pC 


2 


2 


Pp — Ace 




MEI 


3E-60 


2 


2 


MEIF — "1" 




MDI 


3E.61 


2 


2 


MEIF — "0" 




EIEX 


3D -08 


2 


2 


EIEXF — "1" 




EITB 


3D.C9 


2 


2 


EITBF-"1" 




DIEX 


3D -04 


2 


2 


EIEXF — "0" 


O 


DITB 


3D-C5 


2 


2 


EITBF — "0" 


c 
o 
O 


TIEX 


3D -CO 


2 


2 


SKIPIFEIEXF="1" 




TITB 


3D. CI 


2 


2 


SKIPIFEITBF="1" 




TQEX 


30-20 


2 


2 


SKIPIFIRQEX="1" 




TQTB 


3D -DO 


2 


2 


SKIPIFIRQTB="1" 




RQEX 


3D -24 


2 ^ 


2 


IRQEX — "0" 




RQTB 


3D -04 


2 


2 


IRQTB— "0" 




INL 


31 






L — L+1,SKIPIFL="0" 




INH 


32 






H— H+1,SKIPIFH="0" 


•^ c 


INM 


33 






M — M+1,SKIPIFM="0" 




DCL 


35 






L-L-1,SKIPLFL="F" 


ir 


DCH 


36 






H — H-1,SKIPIFH=T" 


±1 TD 


DCM 


37 






M— M-1,SKIPIFM="F" 




INMD mm 


12-mm 


2 


2 


Md-Md+1, 
SKIPIFMd="0" 
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INSTRUCTION SET (CONT.) 





Mnemonic 


Hex op code 


Byte 


Cycle 


Description 




TAB 


n2 


54-57 


1 


1 


SKIP IF (Ace-Bit n2)="1" 




TMB 


n2 


58-5B 


1 


1 


SKIPIF(M-Bitn2)="1" 




RMB 


n2 


68-6B 


1 


1 


(M-Bitn2)*-"0" 




SMB 


n2 


78-7B 


1 


1 


(M-Bltn2)-"1" 


■a 

c 

CO 


TPBDp 


n2 


3D • p0~3 


2 


2 


SKIPIF(Pp-Bitn2) = "1" 


SI 


RPBDp 


n2 


3D-p4~7 


2 


2 


(Pp-Bitn2)— "0" 




SPBDp 


n2 


3D-p8~B 


2 


2 


(Pp-Bitn2)-"1" 




TC 


09 


1 


1 


SKIPIFC = '^1" 




RC 


08 


1 


1 


C-"0" 




SC 


07 


1 


1 


C-"1" 




ADS 


02 


1 


1 


Ace— Acc+M, 
SKIPIFCy="1" 




ADC 


03 


1 


1 


C, Ace— C+Acc+M 




AIS 


n 


3E.4n 


2 


2 


Ace— Acc+n, 
SKIPIFCy="1" 




DAS 


OA 


1 


1 


Ace— Ace+10 


O 


AND 


OD 


1 


1 


Ace— Ace AM 




E 


OR 


05 


' 


1 


Ace- AceVM 


< 


EOR 


04 


1 


1 


Ace — AceVM 




CMA 


OB 


1 


1 


Ace — Ace 




CAM 


16 


1 


1 


SKIPIFAcc=M 




CAI 


n 


3E-0n 


2 


2 


SKIPIFAce=n 




RAL 


OE 


1 


1 


/ — Ace y 

pC— 3— 2— 1— 0-^ 




JCP 


a6 


CO-FF 


1 


1 


PC— a6 . 


sz 
o 
c 


JP 


a11 


40-47 
00 -FF 


2 


2 


PC-a11 


CO 


CAL 


a11 


A0-A7 
00 -FF 


2 


4 


STACK *- PC+2. PC— a11 , 
SP-SP-1 




RT 


1E 


1 


4 


PC- STACK, SP-SP+1 




PUSH 


1C 


1 


3 


STACK — PC+2, PC— a11, 
SP-SP-1 


(0 

0) 


POP 


1D 


1 


3 


C,Aee,H,L— STACK, 
SP-SP+1 


o 


STOP 


3D.B9 


2 


2 


CLOCK STOP 




NOP 


00 


1 


1 


NO OPERATION 



187 



• MSM6422 •- 



TYP. Current (Iqh) vs Voltage (Vqh) 
for High state Output 



-1.0 

-0.9 

-0.8 

_-0.7 

< -0,6 

^-0.5 

P-0.4 

-0.3 

-0.2 

-0.1 





(Ta = 26°C) 











































— 


^. 






















\ 


Vdd=6V 








"-^ 


v 




\' ■ ■ 
















V 


\5 


V^ 


v 












-^ 


k4;vi 


\ 


\ 












= 


^ 


k 


N 




y. 










■^ 


' N 


\ 


\ 


\ 














\ 


A 


\ 


A 











12 3 



4 5 6 7 
VOH (V) 



8 9 10 



TYP. Current (Iql) vs Voltage (Vql) 
for Low state Output 



20 

18 

16 

14 

|12 

jlO 

^8 

6 

4 

2 















(Ta = 


25°C) 


6V/ 


/" 


^ 


"VDb=6V 








// 


r 


















// 




















/ 


^ 


--1 


4V 












/ 




■ 
















f 




















.^ 




•3V 









































































23466789 10 
Vol (V) 



TYP. Maximum Oscillator Frequency 
f (OSC) vs Supply Voltage (Vp) 



X 

o 

CO 

O 







( 


Ta 


= 25°C,Cl = 


1 5pF) 












/ 


















/ 


/ 


















J 


















/ 




















/ 


















1 




















1 













































































01 23456789 10 
VdD (V) 



TYP. Maximum Oscillator Frequency 
f (OSC) vs Temperature (Ta) 



X 

o 

CO 

o 



(Vdd=5V, Cl = 1 5pF) 







V 


s 




















V. 




-^ 






















"^ 


•^ 



















































































































































TYP. Supply Current (IpD) 
vs Supply Voltage (Vqd) 



(Ta = 25°C, No Load) 



f(0SC)=4MHz 




lOOn 



0123456789 10 
Vdd (V) 



-40-20 20 40 60 80100120 
Ta (°C) 
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CMOS 4-BIT SINGLE CHIP MICROCONTROLLER 
WITH BUILT-IN A/D CONVERTER 



GENERAL DESCRIPTION 

OKI MSM6431 is low-power, high-performance single-chip microcontroller implemented In 
complementary metal oxide semiconductor technology. 

Integrated onto a single chip are 1 K byte of mask program ROM, 48 x 4 bits of data RAM, 1 inpu- 
t/output lines, oscillator and 8 bit A/D converter. RAM and I/O lines are bit addressable. 

FEATURES 



Low power consumption - 

30 mW Typical 

1024 X 8 Internal ROM 

48 X 4 Internal RAM 

1 I/O lines include 8 bit Data Bus 

Self-contained Oscillator 

53 Instructions 



• 1 interrupt level 

• -40 to +85°C Operating Temperature 

• 4.5 to 5.5V Operating Vdd at 4.2 MHz 

• 952 ns Cycle Time 4.2 MHz 
(Vdd5V±107o) 

• Internal 8 bit A/D converter 

• Package: 24 pin DIP/24 pin FLAT 




FUNCTIONAL BLOCK DIAGRAM 



RAM 
16x3x4 bit 



tt -"^ 



7 



Jl?i 



IZL 



Lg. 



]— 4 



A/D 
CONT. 



A A A A 

I I I I 

N N N N 

3 2 10 



^ 



7T 



ALU 



P6 
2 1 




ROM 
1024x8 bit 



DEC 



7 



7> 



PI 


3 2 10 


' 





















PO 
3 2 1 



ttTTT 



G V 5 o 

N D <; S 

D D I c 

1 
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PIN CONFIGURATION 



MSM6431 -XXRS 


MSM6431-XXGS 


24 Lead Plastic DIP 


24 Lead Plastic Flat 


P001 [T 


v_y 


ISvdd 


P001 [T 


O 


24]Vdd 


P01 ^ 




23] VR 


P01 [Z 




HJVR 


P02 IX 




22]aIN3 


P02[F 




22]aIN3 


P03[T 




2ilAIN2 


P03[4l 




2i]aIN2 


pioCE 




IoIaini 


pio[a 




20| AIN1 


P11 \T 




J9JAIN0 


P11 [?; 




To] AINO 


P12[T 




jEc 


P12[T 




lEc 


pisij; 




3Z1 AGND 
]6]P62 


pisin; 




HI AGND 
ll]P62 


RESET 1 9 


RESET JX 


OSC, [10 




"TsIpsi 


OSC, |10 




l5]P61 


osCo [TT 




ITlpeo 


osCoQT 




J4]P60 


gndQI 


' 


HI INT 


GND[T2 




miNT 















PIN DESCRIPTION 




Designation 


Input/Output 


Function 


Reset 


POO 
P01 
P02 
P03 


Input/Output 


4 bit Input/Output port 
(Pseudo-bidirectional port) 


"1" 


P10 
P11 
P12 
P13 


Input/Output 


4 bit Input/Output port 
(Pseudo-bidirectional port) 


-1" 


P60 
P61 


Input/Output 


2 bit Input/Output port 
(Pseudo-bidirectional port) 


"0" 


P62 


Output 


1 bit Output port 


"0" 


AINO 
AiN1 
AIN2 
AIN3 


Input 


Analogue Input Pin 


AINO 


C 


Output 


Pin to external capacitor for A/D conversion 


- 


VR 


Input 


Analogue Reference Voltage Input 


- 


AGND 


Input 


Analogue Reference GND Input 


- 


INT 


Input 


Interrupt Input 


- 


OSCo 


Input 


Input terminal of system clock. 

Oscillation circuit consists of OSCo and OSC i 


- 


OSCi 


Output 


Oscillation circuit consists of OSCo and OSCi 


- 




Input 


RESET Input 




RESET 


- 


VdDvGND 


Input 


Power Supply 


- , 
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FUNCTIONAL DESCRIPTION 

ROM 

Organized into 1024 words by 8 bits, ROM is 
used to store developed application programs 
(instructions). It is addressed by the program 
counter (PC). 

Program Counter (PC) 

The program counter consists of a 10-bit 
binary counter. It is used to address ROM. 

Stack and Stack Pointer 

An interrupt or GAL instruction causes the 
contents of the program counter to be saved In 
the stack. The program counter is restored from 
the stack by RT instruction. 

All RAM locations (up to 8 levels) are availa- 
ble as the stack. Note that four words of RAM are 
used for each level. 

The stack pointer is a 5-bit up-down counter 
that points to the address of the next stack to be 
used. It allows the RAM locations to be used as a 
push-down stack. 

RAM 

RAM consists of up to 48 words 4-bit wide. It 
is addressed by H- and L-registers or by the con- 
tents of the second byte of an instruction. 



L- Register 

A 4-bit register which specifies the column 
address of RAM. 

H- Register 

A 2-bit register which specifies the row ad- 
dress of RAM. 

ALU 

A 4-bit logic circuit which provides arithmetic 
nd logical operations. 

ACC 

Consisting of a 4-bit register, the accumulator 
holds the result of operations or the data present 
on ports. 

C-Flag 

The flag which holds a carry generated from 
the result of operations. 

Input/Output Ports (11) 

1 1 input/output ports are provided for effect- 
ing and controlling data transfer to and from an 
external source. The ports are selected by 
codes included in instructions. 

Analogue Input (4) 

4 analog input terminals AIN3-0 are provided. 
When not converting analog to digital, these are 
used as input ports. 

INT Terminal 

The INT terminal is the Input pin for interrupt- 
ing. A interrupt request flag is set at the falling 
edge of INT. With an interrupt occurring, this flag 
is reset automatically. 

Timing Control (T.C) 

A "0" level on RESET pin initializes the inter- 
nal circuitry. 
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INSTRUCTION LIST 



Q 





Mnemonic 


Hex op code 


Byte 


Cycle Description 




LAI n 


90-9F 






Ace <-n 




LLI n 


80 - 8F 






L^n 




LAL 


21 






Ace ^ L 




LLA 


2D 






L "^ Ace 




LAM 


38 






Ace -^ M 




LMA 


2F 






M ^ Ace 


o 


X 


28 






Ace ■^— >■ M 




LHLI nn 


15 • nn 


2 


2 


HL^nn 




LAMD mm 


10 • mm 


2 


2 


Ace ^ Md 




LMAD mm 


11 • mm 


2 


2 


Md <- Ace 




IPDp 


3D • pD 


2 


2 


Ace <- Pp 




OPDp 


3D • pC 


2 


2 


Pp ^ Ace 




LMTD mm 


19 • mm 


2 


3 


Md(w)^T(M(w), A) 




MEi 


3E .60 


2 


2 


MEIF^"1" 




MDI 


3E . 61 


2. 


2 


MEIF^"0" 


2 

c 


EIEX 


3D . C8 


2 


2 


EIEXF^'T' 


o 
o 


DIEX 


3D • C4 


2 


2 


E|EXF^"0" 




TQEX 


3D . 20 


2 


2 


SKIP IF IRQEX = "1" 




RQEX 


3D . 24 


2 


2 


IRQEX^"0" 




INL 


31 






L^L+ 1,SKIPIF L = "0" 




INH 


32 




1 


H<-H + 1,SKIPIF H = "0" 


ic 


INM 


33 






M^M+ 1,SKIPIFM = "0" 


CD <U 

03 <a 


DCL 


35 






L^L-1,SKIP IF L = "F" 


n 


DCH 


36 






H^H - 1 




DCM 


37 






M^M- 1,SKIPIF M = "F" 




INMD mm 


12 • mm 


2 


2 


Md^Md + 1,SKIP IF Md = "0" 
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INSTRUCTION LIST 





Mnemonic 


Hex op code 


Byte 


Cycle 


Description 




TAB n2 


54-57 


1 


1 


SKIP IF (Ace- Bit n2) = "1" 




TMBn2 


58-5B 


1 


1 


SKIP IF (M-Bitn2) = "2" 




RMBn2 


68-6B 


1 


1 


(M - Bit n2) ^ "0" 


o> 


SMBn2 


78-7B 


1 


1 


(M-Bitn2)^"1" 


1 


TPBD p n2 


3D • pO ~ 3 


2 


2 


SKIP IF (Pp-Bitn2) ="1" 


(0 

JC 


RPBD p n2 


3D • p4 ~ 7 


2 


2 


(Pp-Bitn2)^"0" 


^ 


SPBD p n2 


3D • p8 - B 


2 


2 


{Pp-Bitn2)^"r' 




TC 


09 






SKIPiFC = "1" 




RC 


08 






C ^ "0" 




SC 


07 






C^"1" 




ADS 


02 






Ace <-AccM,SKIP IF Cy = "^" 




ADC 


03 






C, Ace -^ C + Ace + M 




AlSn 


3E •4n 


2 


2 


Ace ^ Ace + n, SKIP IF Cy = "1" 




DAS 


OA 






Ace ^ Ace + 1 .0 


E 


AND 


OD 






Ace <- Ace AM 


< 


EOR 


04 






Ace <- Ace V M 




CMA 

- 


OB 






Ace -^ Ace 




CAM 


16 






SKIP IF Aee=M 




RAL 


OE 






/ Ace ^ 

r-C^ 3 ^ 2 ^ 1 ^ 0—1 




JCPa6 


CO-FF 




^ 


PC ^86 


o 

i 


JPa10 


40 43 
00" FF 


2 


2 


PC^alO 


CQ 


CALalO 


AO A3 
00 ~FF 


2 


4 


STACK ^ PC +, PC ^ alO, SP ^ SP - 4 




RT 


IE 


1 


4 


PC^STACK,SP^SP + 4 




PUSH 


1C 


1 


3 


STACK ^ C, Ace, H, L, SP ^ SP - 4 


12 


POP 


1D 


1 


3 


C, Ace, H, L <- STACK, SP ^ SP + 4 


o 


STOP 


3D • B9 


2 


2 


CLOCK STOP 




NOP 


00 


1 


1 


NO OPERATION 
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ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta=25°C 


-0.3 - 7 


V 


Input Voltage 


V| 


-0.3 - Vdd 


V 


Output Voltage 


vo 


-0.3 --Vdd 


V 


Analogue Reference Voltage 


Vr 


-0.3 -- Vdd 


V 


Analogue Input Voltage 


Vai 


-0.3 ^ Vr 


V 


Power Dissipation 


Pd 


Ta=25°C 

per one package 


200 max. 


mW 


Ta=25°C 
per one output 


50 max. 


mW 


Storage Tennperature 


Tstg 




-55- +150 


°C 





OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Limits 


Unit 


Supply Voltage 


Vdd 


f(osc) ^ 1 MHz 


3-6 


V 


f(osc)^4.2MHz 


4.5 - 5.5 


V 


Data-Hold Voltage 


Vddh 


f (osc) = Hz 


2-6 


V 


Analogue Reference Voltage 


Vr 


f(osc) =4 -4.2 MHz 


2.6 - 3.5 


V 


Operating Temperature 


^op 




-40 - +85 


°C 




Fan Out 


N 


MOS Load 


15 


- 


TTL Load 


1 


- 
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(Vdd = 5V: 


t10%,Tj 


, = -40 -> 


- +85° C) 


Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


"H" Input Voltage*''' *2 


V|H 


- 


3.6 


- 


Vdd 


V 


"H" Input Voltage*^' *^ 


V|H 


- 


4.7 


- 


Vdd 


V 


"L" Input Voltage*'' '*2.*3 


V|L 


- 


-0.3 


- 


0.8 


V 


"L" Input Voltage*^ 


V|L 


- 


-0.3 


- 


0.5 


V 


"H" Output Voltage*^' *^ 


VOH 


\, =-15mA 


4.2 


- 


- 


V 


"H" Output Voltage*^ 


VOH 


lo=-2mA 


2 


- 


- 


V 


"L" Output Voltage*^ 


Vol 


lo = 1.6mA 


- 


- 


0.4 


V 


"L" Output Voltage*® 


Vol 


lo =15mA 


- 




0.4 


V 


Input Current*^ 


'ih/'il 


Vi = Vdd/0 V 




_ 


1/-150 


ma 


Input Current*^ 


'ih/Iil 


Vi =Vdd/ov 






15/-15 


ma 


Input Current*^ 


«ih/Iil 


Vi = Vdd/0 V 


- 




1/-1 


mA 


"H" Output Current*'' 


'oh 


V =2.4V 


-0.1 




- 


mA 


"H" Output Current*'' 


'oh 


Vo = 0.4 V 


- 


- 


-1.2 


ma 


Analogue Reference Input 
Voltage 


Vr 


fosc = 4~4.2MHz 


2.6 


- 


3.5 


V 


Analogue Input Voltage 


Vain 


fosc = 4~4.2MHz 





- 


Vr 


V 


Resolution 


n 


fosc = 4~4.2MHz 


— 


- 


8 


bit 


Linearity Deviation Ratio*^ 


Eu 


fosc = 4-4.2 MHz 


- 


- 


1/-3 


LSB 


Conversion Ratio 


tc 


fosc = 4~4.2MHz 


- 


- 


4 


ms 


Input Capacitance 


c. 


fosc = 1 MHz 
Ta = 25°C 





5 


- 


PF 


Output Capacitance 


Co 


- 


7 


- 


Power Consumption 


'dds 


Vnn = 2 V,no load, 
Ta = 25°C 


- 


0.2 


5 


mA 


Stop 


no load 




1 


100 


ma 


Power Consumption 


'dd 


Crystal Oscillation, 

no load 

fosc = 4.194304 MHz 




6 


12 


mA 



NOTE: *1 Applied to Po,Pi,P6 
M Applied to RESET 



*2 Applied to INT 
*5 Applied to P62 



*3 Applied to OSCq 
*6 Applied to OSCj 
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*7 AD Conversion Characteristic 
FF 




VR 



Analog Input 



AC CHARACTERISTICS 



(Vdd = 5^ 



I - +85^*0 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Clock (OSCo) Pulse Width 


t<t>\N 


- 


119 


- 


- 


ns 


Cycle Time 


tCY 


- 


952 




- 


ns 


Input Data Setup Time 


tDS 


- 


120 




- 


ns 


Input Data Hold Time 


tDH 


- 


120 




- 


ns 


Input Data/Input Clock 
Pulse Width 


tDW 


- 


*1 




~ 


ns 


Data Delay Time 


tDR 


CL = 15pF 


- 




tCY+300 


ns 



*1 tow= tcY+ 120 (ns) 
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osc„ 



PO, PI , P6 



PO, PI , P6 



INT 



\ / 

t0w 


/ \ 

t0W 


i 

i / ^ 



IMC- 



r^n 



Y INPUT Y 



tDS tDH 



-tDR- 



tDW 




T 
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TYP. Current (Iqh) vs Voltage (Vqh. 
PO, P1, P6) for High State Output 

Ta = 25°C 

1 n 




-1 .0 

-0.9 

-0.8 

-0.7 

< -0.6 

E 

X -^'^ 

P -0.4 

-0.3 

-0.2 

-0.1 

n 
















































Vd 


D = 


6V 
















\ 


\ 
















^ 


5V 


\ 


















\ 




\ 














^ 


4V 


\ 


\ 
















\ 


\ 


> 


V 










^ 


w 


\ 


\ 


\ 














> 


\ 


\ 


\ 










( 

50 
40 

< 30 

E 

P 20 

10 

n 


31 234 5 6789 10 
VoH (V) 

TYP. Current (IQl) vs Voltage (VQl) 
for Low state Output 

Ta = 25°C 




































•Vd 


D-' 


3V- 










.^ 










/ 


















/ 


r 


^ 


r- 


5V 












/ 


/ 
















i 


/ 


y^ 





4V 












/ 


/ 


















^ 






3V 














r 






















1 234567891 
Vol (V) 


D 
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-20 
-18 
-16 
-14 
< -^2 

5 -10 

I 

P -8 

-6 

-4 

-2 

n 


TYP. Current (Iqh) vs Voltage (VQh 
P62) for High state Output 

Ta = 25°C 


























- 




















^ 


Vdd = 


6V 
















N 


\ 














■^ 


N 


5V 


\ 


















\ 




\ 












"^ 


\ 


4V 


\ 


\ 












- 




\ 


N 


V 


\ 










^ 


•\ 


\ 


\ 


\ 














> 


\ 


\ 


\ 












01 23456789 10 
VoH (V) 

TYP. Maximum Oscillator Frequency 
f (OSC) vs Supply Voltate (Vp) 

Ta = 25°C, Cl = 15 pF 


10 

9 

8 

7 

X 6 

2 4 
3 
2 
1 

































/ 


/ 


















/ 


















/ 


















i 


/ 


















1 
































































































1 23 4567891 
- Vdd (V) 
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TYP. Maximum Oscillator Frequency -,q 

f (OSC) vs Temperature (Tg) 

9 
Cl= 15 pF 



TYP. Supply Current (IpD) vs 
Supply Voltage (Vdd) 

Ta = 25°C, No Load 



8 
7 

I 6 

O 

2 ^ 

3 
2 
1 




10m 
5m 

1m 
500iu 

lOOju 
50m 































N 


v^ 
















Vdd 


= 5V^ 


.^ 





















































































































































-40-20 20 40 60 80 100 120 140 
Ta rO 



Q 
Q 



10/x 

lM 
500m 

lOOn 















,f(OSC)=4MHz 








^ 


y^ 


X 


1 1 
^2 MHz 

1 1 
^ 1 MHz 

1 1 










^ 




^ 


^ 500 kHz 










•^ 






^1 


DOk 


Hz 










^^ 




^* 






















































^ 






y 


/^O 


^2 












> 


y 














/ 


y 


/ 















1 2 3 4 5 6 7 8 9 10 

Vdd <v) 
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CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM6442 is a low power, high performance single chip device implemented in 
complementary metal oxide semiconductor technology with 46 segment outputs and 2 commons. 
Also integrated onto this chip are 16Kbits mask program ROM, 512 bits of data RAM, 28 
Input/Output lines and oscillator. 71 instructions include binary, BCD, logical operations; bit set, 
reset, test; subroutine call and return. 



FEATURES 

• Low Power Consumption 30m W (typ) 

• 2048 X 8 Internal ROM 

• 128 X 4 Internal RAM 

• Two built-in counters 

1 2-bit time-base counter 

8-bit programable timer/event counter 

• 1 6 Input/Output Ports and 46 LCD 
Output Port and 2 Common Output 



FUNCTIONAL BLOCK DIAGRAM 



• Self-contained Oscillator 

• 71 Instructions 

• 4 Interrupt Levels 

• 1 6 Stack Levels 

• -40 to +85°C Operating Temperature 

• 4.5 to 5.5V Operating Vdd at 4.2 MHz 
3.0 to 6.0V Operating Vpo at 1 MHz 

• TTL Compatible 




RAM 
16X8X4 



^=?^ 






731 

I ACC 



[c> 



± 



ALU 




ROM 
2048X8 



^ 'ff ^ 



_s> 



X 



pTJ 



C 



P9 I 



r 



n=[> 



BUFFER REG 



r- LCD DRV 



T7 



M WDT| 



1 



INTRQF PD 



I 

PB I 



- OSCo 
► OSCi 
^ TEST 1 
- — TEST 2 



1 1 

P4 I I P3 I I P1 I t I PO~i 

itiT Tttl TTTPTTTT 




Vdd 

GND 



Vlcd ^0'^2 SEG46 SEGI XT XT TEST 3 |nT 3 21 3 2 10 3 2 1_0_ 3 2 10 

VM COMI SEG16 BZ INTOUT CIN 
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LOGIC SYMBOL 



PIN CONFIGURATION (TOP VIEW) 


















Hiiiliilliiiiii 




5V . 

OV 

RESET INPUT ►c 

RESET OUTPUT -. c 


VDD 

Reset 

RESET OUT 


- S7 
S8 
S9 
S10 


► 8 

^ 10 






coM= az 




33 SE032 


TEST r . 


TEST2 
TESTS 


SI 2 
SI 3 


►Il 

► 12 




GNo cr 


^ 


m SE03, 
311 SEO30 


CLOCK 13 — -: 


^, 


SI 4 
SI 5 


► 14 

►IS 




XT IXj 


fE SEG29 


LCD CLOCK [_ ", ' 


XT 


SI 7 


► 16 




TEST3 or 




S] SEG27 


INTERRUPT INPUT m: 


mr 




► 18 




P30 rr- 




■sn SEQ26 


INTERRUPT OUTPUT -i c 






►IQ 










BUZZER OUTPUT 


BZ 




-20 










pO- 


POO -, 
P03 -' 


S21 










m SE024 


PORTO ll 


S23 


— ►is 

"23 




P33 nE 




S3 SEa23 


La-i — 


S24 


^24 




P40 111 




m SEGJJ 


P0RT1 - r^rz: 


P10/CIN -, 

fii J" «a 

P30 -, 


S25 
S26 


-is 

^26 


SEGMENT 


F><. GT 




H] SEG2, 




-2t 




P42 01 




sn SEG20 


L3, — 

r-O- 


S28 
S?9 


^29 




P43 m 




in SEG, 9 


PORT 3 l' 


E?i P3 


S30 


-30 








m SEG16 


2" 






►SI 




OSCO Ut 






La-i 


P33 J 














pO- 


P40 -, 


S33 


-33 








«: SEG,6 






S34 


►34 




HESETOUT CS 




ID SEG,5 


















15, — 


P43 J 


S36 


-^—36 




B2 DE 




«] SE0,4 


LCD POWER SUPPLY ► 


VLCD 


S3/ 


►S/ 




RESET Ca 




IE) SEG,3 


LCD/2 VOLTAGE -i 






^38 




sr en 




S SEG, 2 


COMMON 1 












COMMON 2 -. 


C2 


S40 


^40 








3E) SEG,, 




rO- 


SI -, 




-42 




TEST, Sa 




23 SEGIO 






S3 


S43 




POO Gi 




3D 8EQ9 




3- 


§4 SEG 
S5 


S44 
S45 


^45 












yyyyy^^MMyyyy^a^^ 




L5-. 






►46-J 




5SS? = ??8oSS33S5§ 1 
















''°-'^|i'''''ssffiiiiissss 





PIN DESCRIPTION 



Terminal 


Input/ 
Output 


Function 


When 
reset 


POO ~ P03 
P10~P13 

P30 ~ P33 


Input/ 
Output 


I/O port 

I/O port (PI and count input CIN are in 

common) 
I/O port 


"1 " 


P40 ~ P43 


Input/ 
Output 


I/O port 


"0" 


SEG1 -SEG 16 
SEG17~SEG46 


Output* 


LCD output port (can be assigned to data 
output in 4 bit wide) 
LCD output port 


"0"* 


COM1 
COM2 


Output* 


LCD common output terminal 1 
LCD common output terminal 2 


"0"* 


INT 


Input 


Input port of external interrupt 


- 


INT OUT 


Output 


Interrupt output port 


"1" 


RESET 




Reset input port 


- 


RESET OUT 


Output 


Reset output terminal 


"1" 


BZ 


Output 


Buzzer pulse output port in 2048 KHz 


"0"* 


OSCo 
OSC1 


Input/ 
Output 


Crystal OSC or ceramic OSC connection 
Crystal OSC or ceramic OSC connection 
(System clock) 


- 


XT 
XT 


Input/ 
Output 


32.768 kHz crystal oscillator connection 
(use for LCD control) 


- 


TEST1 
TEST 2 
TEST3 


- 


TEST terminal 1 (open) (Connected to Vpo) 
TEST terminal 2 (open) 
TEST terminal 3 (open) 




Vdd 


Input 


Power supply (5V) 


- 


Vlcd 


Input 


Power supply for LCD 


- 


VM 


Input/ 
Output 


(Vdd-Vlcd)/2 supply voltage output 
or supply voltage input 


"0"* 


GND 


Input 


Power supply (OV) 


- 



*"0" indicates the VLCD voltage 
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FUNCTIONAL DESCRIPTION 

ROM 

Organized into 2048 words by 8 bits, ROM 
is used to store developed application programs 
(instructions). It is addressed by the program 
counter (PC). 

PROGRAM COUNTER (PC) 

The program counter consists of a 1 1 -bit 
binary counter. It is used to address ROM. 

STACK 

An interrupt or GAL instruction causes the 
contents of the PC to be saved in the stack. Also, 
the PUSH instruction causes the contents of 
accumulator, carry-flag, H- and L-register to be 
saved in it. These are allowed to be restored by 
the RT instruction or POP instruction. 

RAM 

Organized into 1 28 words of 4 bits, RAM is 
addressed by the H- and L-register or the con- 
tents of the second byte of an instruction. 

L-REGISTER 

A 4-bit register which specifies the row 
address of RAM and the port-address in the port 
operation Instructions. It is also used as a 
working register. 

H-REGISTER 

A 4-blt register which specifies the column 
address of RAM and is used as a working 
register. 

ALU 

A 4-bit logic circuit which provides 
arithmetic and logical operations. 

ACCUMULATOR (ACL) 

Consisting of a 4-bit register, the 
accumulator holds the result of operations or the 
date present on ports. 

C-FLAG 

The flag that holds a carry generated from 
the result of operations. 

INPUT/OUTPUT Ports (1 6 bits) 

16 input/output ports are provided for 
effecting and controlling data transfer to and 
from an external source. The ports are selected 
by codes included in the instructions. 

1 2-bit TIME-BASE COUNTER 

The time base counter consists of a 1 2-bit 
binary counter. It is used to devlde the frequency 
of the OSCo input by 2^2 and generate the 
interrupt request at every over-flow signal. 



8-bit TIMER EVENT COUNTER 

The timer event counter consists of a 8-bit 
counter (8-bit) register, comparing and 
controlling circuits. It is used to count pulses of 
an internal or external source. Coincidently, if 
value between the counter and the register 
causes interrupt request occur. 

LCD DRIVER 

The LCD driver is used to effect LCD display 
by transferring data in a program to the register 
assigned as port 5 and 6. It is available to select 
driving in static or dynamic operation (1/2 duty 
cycle) and frame frequency (1 28 Hz/64 Hz) and 
to drive up to 92 segments at 1 /2 duty. Also, 1 6 
outputs(SEG1~SEG1 6)of the segment terminals 
can be used as normal data outputs. 

A standard LCD clock is produced by the 
oscillation dividing a crystal oscillator (32.768 
kHz) connected to XT and XT terminals. This is 
also used as standard clock of displaying, clock 
interrupting and watch dog timer. (This clock can 
be also produced by dividing a frequency of 
4.194304 MHz. Note the selection of the frame 
frequency, when the crystal oscillator is used 
without a frequency of 4.1 94304 MHz.) 

INTERRUPT 

As shown below, 1 ~ 4 Is available to interrupt; 

1 . External interrupt at the falling edge of INT 
signal input 

2. Clock interrupt at every second (32.768 kHz 
crystal oscillator) 

3. Time base counter interrupt at the occurance 
of an overflow of the timer base counter. 

4. Timer event counter interrupt coinciding 
between the signals of the 8-bit counter ahd 
register.. 

Interrupts 1 and 2 are also used to release the 
power down mode. 

WATCH DOG TIMER (WDT) 

A timer for detecting the overrunning of the 
program. This timer produces the overflow signal 
by dividing the 64 Hz frequency by 4 generated 
from the oscillation of a frequency of 32.768 
kHz. It can be also halted, when unused. 

TIMING CONTROL (T.C) 



A level on the RESET pin for longer than 
predetermined period initializes the internal 
circuitry and ports. 

Clock pulses are supplied to the OSCo pin 
from an external source. A crystal or ce ramic 
oscillator may be connected to OSCo and OSCi 
to form an oscillator circuit to produce clock 
pulses. 
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INSTRUCTION SET 



Q 





Mnemonic 


Hex op code 


Byte 


Cycle 


Description 




LAI n 


90-9F 






Ace ^ n 




LLI n 


80-8F 






L — n 




LAL 


21 






Ace — L 




LLA 


2D 






L — Ace 




LAH 


22 






Ace— H 




LHA 


2E 






H— Ace 




LAM 


38 






Ace — M 


"2 


LMA 


2F 






M— Ace 


CO 

3 


X 


28 






Ace ^ — > M 




LMI nn 


14 -nn 


2 


2 


M(W)— nn 




LHLI nn 


15 -nn 


2 


2 


HL — nn 




LAMD mm 


10 -mm 


2 


2 


Ace — Md 




LMAD mm 


11 -mm 


2 


2 


Md-Ace 




LMCT 


3E-59 


2 


2 


M(W)-CT 




LCTM 


3E-51 


2 


2 


CT — M(W) 




IPD p 


3D.pD 


2 


2 


Ace — Pp 




OPD p 


3D . pC 


2 


2 


Pp— Ace 




MEI 


3E.60 


2 


2 


MEIF — "1" 




MDI 


3E.61 


2 


2 


MEIF-"0" 

- 




EIEX 


3D.C8 


2 


2 


E!EXF-'M" 




EICT 


3D.CB 


2 


2 


EICTF-"1" 




DIEX 


3D.C4 


2 


2 


EIEXF-"0" 


o 


DICT 


3D.C7 


2 


2 


EICTF-"0" 


O 

O 


TIEX 


3D -CO 


2 


2 


SKIPIFEIEXF="i" 




TICT 


3D.C3 


2 


2 


SKIPIFEICTF="1" 




TQEX 


3D. 20 


2 


2 


SKIPIF!RQEX="1" 




TQCT 


3D.D2 


2 


2 


SKIPIFIRQCT="1" 




RQEX 


3D -24 


2 


2 


IRQEX-"0" 




RQCT 


3D.D6 


2 


2 


IRQCT-"0" 




INL 


31 






L — L+1,SKIPIFL="0" 




INH 


32 






H-H+1,SKIPIFH="0" 


11 

a> 


INM 


33 


* 1 




M-M+1,SKIPIFM="0" 


DCL 


35 






L-L-1,SKIPIFL="F" 


II 


DCH 


36 






H-H-1.SKIPIFH="F" 


DCM 


37 






M-M-1,SKIPIFM="M" 




INMD mm 


12 -mm 


2 


2 


Md — Md+I.SKIPIF 
Md="0" 
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INSTRUCTION SET (CONT.) 





Mnemonic 


Hex op code 


Byte 


Cycle 


Description 




TAB 


n2 


54-57 






SKIPIF(ACC-Bltn2)="1" 




TPB 


n2 


50-53 






SKIPIF(P-Bltn2) = "1" 




RPB 


n2 


60-63 






(P-Bitn2)-"0" 




SPB 


n2 


70-73 






(P-Bltn2)— "1" 




TMB 


n2 


58-5B 






SKIPIF(M-Bitn2) = "1" 


c 


RMB 


n2 


68-6B 






(M-Bitn2)-"0" 


T3 

C 

CO 


SMB 


n2 


78-7B 






(M-Bltn2)— "1" 




TPBDp 


n2 


3D-pO~3 


2 


2 


SKIPIF(Pp-Bltn2)="1" 




RPBDp 


n2 


3D.p4~7 


2 


2 


(Pp-Bltn2)-"0" 




SPBDp 


n2 


3D.p8~B 


2 


2 


(Pp-Bltn2)-"1" 




TC 


09 


1 


1 


SKIPIFC = "1" 




RC 


08 


1 


1 


C-"0" 




SC 


07 


1 


1 


C-"1" 




ADS 


02 


1 


1 


Ace— Acc+M,SKIPIF 
Cy="1" 




ADC 


03 


1 


1 


C, Ace— C+Acc+M 




AIS 


n 


3E.4n 


2 


2 


Ace— Acc+n,SKIPIF 
Cy="1" 




DAS 


OA 


1 


1 


Ace— Acc+10 




AND 


OD 


1 


1 


Ace- AccAM 


E 


OR 


05 


1 


1 


Ace- AccVM 


< 


EOR 


04 


1 


1 


Ace — AccVM 




CMA 


OB 


1 


1 


Ace — Ace 




CAM 


16 


1 


1 


SKIPIFAcc=M 




CAI 


n 


3E.0n 


2 


2 


SKIPIFAec=n 




RAL 


OE 


1 


1 


, — Ace — ^ 
C— 3— 2— 1—0^ 




JCP 


a6 


CO-FF 


1 


1 


PC— a6 


x: 
o 

c 


JP 


a11 


40 47 
00 'FF 


2 


2 


PC-a11 


CO 


CAL 


a11 


AO A7 
00 "FF 


2 


4 


STACK— PC+2, 
PC-a11,SP-SP-1 




RT 


1E 


1 


4 


PC- STACK. SP-SP+1 




PUSH 


1C 


1 


3 


STACK— C, Ace, H,L, 
SP-SP-1 


CO 


POP 


1D 


1 


3 


C,Ace,H,L — STACK, 
SP-SP+1 


o 


STOP 


3D.B9 


2 


2 


CLOCK STOP 




NOP 


00 


1 


1 


NO OPERATION 
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MSC6458 



OKI 4-BIT 1-CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The MSC6458 is a high-speed, 4-bit 1-chip microcontroller with built-in FLT drivers/controllers developed 
to support relatively large control systems. 



FEATURES 

• ROM: 8000 x 8 bits • 

• RAM: 512x4 bits • 

• Ports: I/O 24 ports (8 having lOL = 20 mA) • 

Input 9 (2 also serving as Interrupt inputs) • 

• FLT drivers (Withstand 12 (lOH = 20mA) • 
voltage 40V): 12 (lOH = 6mA) 

• Interrupts: 7 lines (2 external, 5 internal) 

• Built-in counters: 12 bits, timebase counter • 

16 bits, programmable counter 

8 bits, high-speed 

programmable timer/event • 

counter • 



Serial I/O: Built-in 8-bit SIO register 
Oscillation circuit: Crystal or ceramic oscillation 
Number of instructions: 147 
Cycle time: 930 ns (4.3MHz) 
Operating ranges: 4.5 to 5.5V (4.3MHz) 

Voltage: 3.0 to 6.0V (1MHz) 

Temperature: -40 to +85°C 
Power dissipation (typical) 

(display off): 9mA ( 5V, 4.3MHz) 
2mA (3V, 1MHz) 
Power down: STOP Instruction 
Package: 64-pin shrink DIP/64- pin FLAT 




BLOCK DIAGRAM 



SEGO^ 
SEG1-" 



RAM 
256 X 4 X 2 



DEC 



=0 



IT 



IE 



fe-Mt-Wi 





F 

21 



ROM 
8000 X 8 



\ ^^^ / 

|l2 PC I 



16 bit Timer P9 8bitT/C 



M 12 bit TBC 



TO^^^^^W 



Timing 
Control 



-OSCo 

••osc; 

•■TEST 
-RESET 
-VDD 
-GND 



3210* 210 3210 3210 3210 3210 20_3210 3210 

• INTO aN^M-LscK 
Ltmo Lso 

L-TCK I— SI 



I INTO 

'— inTi 
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LOGIC SYMBOL 



PIN CONFIGURATION (TOP VIEW) 



is 



P0RT2 f 2 



OSCo 
OSC, 
RESET 
TEST 

Vdd 

GND 
VFLT 

3 SI 



2TCK 1 
TMO P1 
CIN J 



u 



T 12 

11 


) 


2 


( 


SEG 12 


) 


2 


( 



64 PIN PLASTIC 








poocr 


o 


m SEGO 


SHRINK DIP 


S1P03 IX 




5B SEG. 




ciii'P.o CE 




SBSsEoa 




™op„[x 




S) SEG. 




fCKP.jlX 




SD'EG. 




mtX 




|7]SEG6 




INTO «o IX 




S]SEG> 




.NT, PH QJ 




'la SE08 




P30[ll 




HJSEG9 




P3. □£ 




fe SEG.O 




Pj^QE 




5 SEG,, 




"■^QE 




EvPa 




p«|jE 




la T„ SE0,2 




p«i t3E 




4B T,0 SE0,3 




rejQi: 




a] T,.SEG,4 




P63|jr 




3D "SEG.S 




PeoCE 




3S] " OUT' 




Pe, GS] 


3a "OUTS 




pB^ar; 


Stsouts 




P^GUi 


3IlT.0UT« 




P^oSE 




3I)T3 0UT, 




PT, IK 




3llTJOUT2 




-"[H 




33 T, OUT, . 




p„[b; 


tfflTOOUTO 1 




P.E 




Sp« 








3?]P52 








as"^' 




TSSCTQa 




SDPBO 








a TEST 




GNO 01 




SSBESPr 









PIN DESCRIPTION 



Terminal 


Input/ 
Output 


Function 


When 
reset 


POO 

P01/SCK 
P02/SO 
P03/SI 


Input/ 
Output 


I/O port 

I/O port (also used as serial clock input SCK) 
I/O port (also used as serial data output SO) 
I/O port (also serial data input SI) 


"1" 


P10/CIN 
P11/TMO 
P1 2/TCK 
P13 


Input/ 
Output 


I/O port (also used as count input CIN) 
I/O port (also used as timer output TMO) 
I/O port (also used timer clock input TCK) 
I/O port 


"1" 


P20/INT0 
P22/INT1 


Input 


Input Port with Latch (falling edqe sensitive) 
also used as interrupt input INTO 
Input Port with Latch CO' level sensitive) 
also used as interrupt input INT1 


- 


P30 ~ P33 


Input/ 
Output 


I/O port 


"1" 


P60 ~ P63 


Input/ 
Output 


I/O port 


"0" 


P40 ~ P43 
P50 ~ P53 


Output/ 
Input 


I/O port (loL=20mA MAX) 


"0" 


P70~P72 
P80 ~ P83 


Input 


Input port with pull down register 

Pull down register of P70 ~ P72 can be removed 

by instruction 




SEGO- SEG 11 


Output 


FLT segment driver (dynamic) 


"0" 


Til /SEG 12 
~T8/SEG15 


Output 


FLT segment driver (dynamic)/Timing output 


"0" 


T7/OUT7 
~T0/OUT0 


Output 


FLT segment driver (static)/Timing output 


"0" 


OSCO 
0SC1 


Input/ 
Output 


Crystal connection terminal for system clock 
oscillation 


- 


RESET 


Input 


System reset input 


- 


TEST 


Output 


Test pin (Open) 


- 


VFLT 


Input 


Power supply for FLT driving 


- 


VDD 
GND 


Input 


System Power Supply 


- 
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FUNCTrONAL DESCRIPTION 

1. ROM 

The ROM, organized in 8 bits, has a 
maximum capacity of 8000 bytes. 

2. RAM 

The RAM is organized in 4 bits per word, 
with a capacity of 51 2 words. 

It is separated into two banks each 256 
words long. Bank selection is accomplished via 
internal ports. The RAM location in the banks is 
addressed by the H and L registers or by the 
second byte of each instruction. 

3. Ports (24 I/O, 7 input) 

The 24 pseudo-bidirectional I/O ports effect 
or control the exchange of data with external 
sources. The ports are specified by the L 
register or by codes contained in instructions. 
Ports 4 and 5 may draw lOL up to 20mA. 

The seven input ports have built-in pulldown 
resistors. Up to 84 keys can be scanned by 
assembling them in key matrices with the timing 
outputs of the FLT drivers (with 1 2 segments x 
12 timings on display; also during automatic 
display). 

4. interru pt Inp ut Pins (2 t ermin als) 

The INT0/P20 and INT1/P22 pins are 
interrupt inpu t pins. External interrupt request 
flags of INT0/P20 pin and INT1/P22 pin can be 
set b y using interrupt input pins: 
INT0/P20 pin ... positive edge or negative edge 
inpu t. 
INT1 /P22 pin ... "0" level Input. 

These flags are automatically reset when 
the appropriate external interrupts occur. These 
pins are available for use as input ports when not 
used as interrupt input pins. 

5. FLT Drivers/Controllers (Automatic Display) 

The FLT drivers have a withstand voltage of 
40V in the positive direction from the GND level. 
They comprise 1 2 ports that can draw 20mA as 
lOH (Timing outputs) and 1 2 ports that can draw 
6mA as such (Segment outputs). 

A choice of four display modes is supported 
as listed below. A display RAM area is allocated 
as part of the RAM space. Data Is automatically 
displayed when transferred to the display RAM. 
(Two different display frequencies are 
selectable.) Static output data can be displayed 
by controlling the FLT drivers by programming. 
Display modes (@4.1 94304 MHz) 

(1) 1 2 Segmentsx 12 Timings 

1/1 2 duty (85.3/341 .3 Hz) 

(2) 16 Segmentsx 8 Timings 

1/8 duty (128/51 2 Hz) 

(3) 16 Segmentsx 4 Timings +4 output* 

1/4 duty (256/1 024Hz) 

(4) 16 Segments +8 output* 

Program controlled 
*output: static outputs 



6. Stack (STACK) and Stack Pointer (SP) 

The PC Is saved in the stack when an 
interrupt occurs or a CAL instruction is 
executed. It Is recovered by the execution of an 
RT Instruction. 

One fourth of t+ie RAM space (128 words 
maximum, 32 levels) is available as a stack area. 
A 4-word RAM area is used for "one" level in the 
stack. 

The stack pointer is an 8-bit up-down 
counter (the MSB and 2 bits from LSB being 
fixed at '1') Indicating the next stack address to 
use. It enables the RAM space to be used as a 
pushdown stack. Data can also be transferred 
between stack pointer and the H/L registers. 

7. Interrupts 

Seven interrupt lines are provided for eight 
sources and eight levels of Interrupts as follows 
(two external inputs): 

(1) Display interrupt 

Update to timing signals (positive edge) 

(2) External interrupti 

Negative edge on the INT0/P20 pin 

(3) External interrupt2 ___ 

Positive edge on the INT0/P20 pin 

(4) External interrupts 

'0' input on the INT1 /P22 pin 

(5) Timebase interrupt 

1 2-Bit timebase counter overflow 

(6) Timer interrupt 

1 6-Bit timer and timer register matched signal 

(7) Counter Interrupt 

8-Bit counter and counter register matched 
signal 

(8) Serial/0 interrupt 

8-Blt shift register shift end signal 

8. 12-Bit Timebase Counter 

The timebase counter is made up of a 1 2-bit 
binary counter. It generates an Interrupt request 
every time it overflows as a result of dividing the 
OSCO input 2^2 

9. 1 6- Bit Programmable Timer/Event Counter 

Comprising a 16-bit register, a 16-bit binary 
counter, a comparator circiut, and a control 
circuit, the programmable timer generates an 
interrupt request when the register and counter 
values are matched. 

10. 8-Bit High-Speed Programmable 
TImmer/ Event Counter 

The high-speed programmable timer/event 
counter comprises an 8-bit register, an 8-bit 
binary counter, a comparator circuit, and a 
control circuit. Starting and stopping the counter 
can be controlled by instructions. It generates an 
interrupt request when the register and counter 
values are matched. 
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11. 8-Brt Serial I/O 

Serial I/O consists of an 8-bit stiift register, 
a 3-bit sliift counter, and a control circuit. It is 
used for serial data Input and output. Serial data 
input and output takes place synchronized with 
a shift clock, which is selectable between 
internal and external clocks. The shift counter 
automatically terminates a data transfer on 
counting eight shift clock pulses and generates 
an Interrupt request. 

1 2. Registers (Ace, H, L, F) 

The accumulator (Ace) is a 4-bit register 
used to perform data transfers or calculations 
with the RAM, other registers, ports and so on. 

The H and L registers are each a 4-bit 
register. They transfer data to and from Ace and 
SP (stack pointer) and address the RAM. The L 
register is also used to specify ports to use. 

The F register is made up of four 
independent flip-flops. It can be used as a 
program "flag" or general-purpose register 
because each of these flip-flops permits 
set/reset testing and transferring 4-bit parallel 
data to and from Ace by instructions. 

13. Timing Control (TC) 



A '0' input on the RESET pin for a certain 
period initializes internal circuitry and ports. 

As the input side of clock pulses, the OSCO 
pin accepts clock pulses from an external 
source. Clock pulses may also be obtained by 
configuring an oscillation circuit with a crystal 
oscillator or ce ramic resonator connected to 
OSCO and 0SC1. 
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Load Instructions, etc. 



Mnemonic 


Code 


Bytes 


Oycles 


Description 


LAI 


n 


90-9F 


1 


1 


A^n 


LLI 


n 


80-8F 


1 


1 


L <e- n 


LHI 


n 


3E-7n 


2 


2 


H^n 


LHLI 


nn 


15 • nn 


2 


2 


HL^nn 


LMI 


nn 


14 • nn 


2 


2 


M (w) <-nn 


UL 


21 


1 


1 


A^L 


LLA 


2D 


1 


1 


L^A 


LAH 


22 


1 


1 


A^H 


LHA 


2E 


1 


1 


H^A 


LAM 


38 


1 


1 


A^M 


LMA 


2F 


1 


1 


M^A 


LAM+ 


24 


1 


1 


A<-M, L^L+1,SkipifL = "0" 


LAM- 


25 


1 


1 


A^M, L^L-1,SkipifL = "F" 


LMA+ 


26 


1 


1 


M^A, L^L+1,SkipifL = "0" 


LMA- 


27 


1 


1 


M^A,L^L-1.SklplfL = "F" 


LAMM 


n2 


39-3B 


1 


1 


A<-M, H^HVn2 


LAMD 


mm 


10 -mm 


2 


2 


A«-Md 


LMAD 


mm 


11 • mm 


2 


2 


Md^A 


X 


28 


1 


1 


A^-^M 


X+ 


30 


1 


1 


A ^-^ M, L^ L+1, Skip If L = "0" 


X- 


20 


1 


1 


A ^-^ M, L ^ L-1 , Skip if L - "F" 


XM 


n2 


29-2B 


1 


1 


A ^-^ M, H ^ H V n2 


LMT 


mm 


19 • mm 


2 


4 


M(w)<-T(Md(w),A) 


LAF 


3E • 54 


2 


2 


A^F 


LFA 


3E . 50 


2 


2 


F^A 


LHLS 


3E.53 


2 


2 


HL<-SP 


LSHL 


3E.5B 


2 


2 


SP ^ HL 


IP 


20 


1 


1 


A«-P 


OP 


23 


1 


1 


P^A 


IPD 


P 


3D • pD 


2 


2 


A^Pp 


OPD 


P 


3DvpO 


2 


2 


Pp^A 


OPT 


18 


1 


3 


P4,P5^T(M(w),A) 
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Interrupt Control Instructions 








Mnemonic 


Code 


Bytes 


Cycles 


Description 


MEI 


3E 


60 


2 


2 


MEIF^"1" 


MDI 


3E 


61 


2 


2 


MEIF ^ "0" 


EIXD 


3D 


E8 


2 


2 


EIXDF^"1" 


EIXU 


3D 


E9 


2 


2 


EIXUF^"1" 


EIXL 


3D- 


EA 


2 


2 


EIXLF^"1" 


EIDP 


3D- 


EB 


2 


2 


EIDPF^"1" 


EITB 


3D 


D8 


2 


2 


EITBF^"1" 


EITM 


3D 


D9 


2 


2 


E|TMF^"1" 


EICT 


3D- 


DA 


2 


2 


EICTF^"1" 


EISR 


3D- 


DB 


2 


2 


EISRF<-"1" 


DIXD 


3D 


E4 


2 


2 


EIXDF ^ "0" 


DIXU 


3D 


E5 


2 


2 


EIXUF ^ "0" 


DIXL 


3D 


E6 


2 


2 


EIXLF ^ "0" 


DIDP 


3D 


E7 


2 


2 


EIDPF <- "0" 


DITB 


3D 


D4 


2 


2 


EITBF ^ "0" 


DITM 


3D 


D5 


2 


2 


EITMF ^ "0" 


DICT 


3D 


D6 


2 


2 


EICTF ^ "0" 


DISR 


3D 


D7 


2 


2 


EISRF «- "0" 


TIXD 


3D 


EO 


2 


2 


Skip if EIXDF ="1 " 


TIXU 


3D 


E1 


2 


2 


Skip if EIXUF = "1" 


TIXL 


3D 


E2 


2 


2 


Skip if EIXLF = "1 " 


TIDP 


3D 


E3 


2 


2 


Skip if EIDPF = "1" 


TUB 


3D 


DO 


2 


2 


Skip if EITBF = "1 " 


TITM 


3D 


D1 


2 


2 


Skip if EITMF = "1 " 


TICT 


3D 


D2 


2 


2 


Skip if EICTF = "1" 


TISR 


3D 


D3 


2 


2 


Skip if EISRF = "1" 


TQXD 


3D 


•20 


2 


2 


SkipiflRQXDF = "1" 


TQXU 


3D 


-21 


2 


2 


Skipif IRQXUF = "1" 


TQXL 


3D 


-22 


2 


2 


Skip if IRQXLF = "1" 


TQDP 


3D 


-23 


2 


2 


SkipiflRQDPF = "1" 


TQTB 


3D 


CO 


2 


2 


Skip if IRQTBF = "1" 


TQTM 


3D 


CI 


2 


2 


Skip if IRQTMF = "1" 


TQCT 


3D 


C2 


2 


2 


SkipiflRQCTF = "1" 


TQSR 


3D 


C3 


2 


2 


Skipif IRQ5RF = "1" 


RQXD 


3D 


•24 


2 


2 


IRQXDF <- "0" 


RQXU 


3D 


-25 


2 


2 


IRQXUF ^ "0" 


RQXL 


3D 


-26 


2 


2 


IRQXLF ^ "0" 


RQDP 


3D 


-27 


2 


2 


IRQDPF ^ "0" 


RQTB 


3D 


C4 


2 


2 


IRQTBF ^ "0" 


RQTM 


3D 


C5 


2 


2 


IRQTMF ^"0" 


RQCT 


3D 


C6 


2 


2 


IRQCTF «- "0" 


RQSR 


3D 


C7 


2 


2 


IRQSRF ^ "0" 
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Increment/Decrement Instructions 



Mnemonic 


Code 


Bytes 


Cycles 


Description 


INA 


30 






A^A+1,SkipifA = "0" 


INL 


31 






L^L+1,SkipifL = "0" 


INH 


32 






H<-H+1,SkipifH = "0" 


INM 


33 






M^IVI+1,SkipifM = "0" 


DCA 


34 






A^A-1,SkiplfA = "F" 


DCL 


35 






L^L-1,SkipifL= "F" 


DCH 


36 






H^H-1,SklpifH = "F" 


DCM 


37 






IVI^M-1,SkipifiVI = "F" 


INMD mm 


12 • mm 


2 


2 


Md«-Md+1,SkipifMd = "0" 


DCMD mm 


13 • mm 


2 


2 


Md<-Md-1,SkiplfMd = "F" 



Bit Handling Instructions, etc. 



IVInemonic 


Code 


Bytes 


Cycles 


Description 


TAB n2 


54-57 






SklpifA(n2) = "1" 


RAB n2 


64-67 






A (n2) ^ "0" 


SAB n2 


74-77 






A(n2)^"1" 


TPB n2 


50-53 






SkiplfP(n2) = "1" 


RPB n2 


60-63 






P(n2)^"0" 


SPB n2 


70-73 






P(n2)^"1" 


TMB n2 


58-5B 






SkipifM(n2) = "1" 


RMB n2 


68-6B 






M (n2) 4- "0" 


SMB n2 


78-7B 






M(n2)4-"1" 


TFB n2 


5C-5F 






SkiplfF(n2) = "1" 


RFB n2 


6C-6F 






F (n2) ^ "0" 


SFB n2 


7C-7F 






F(n2)^"1" 


TPBD p, n2 


3D • p0~3 


2 


2 


SkipifPp(n2) = "1" 


RPBD p, n2 


3D • p4~7 


2 


2 


Pp(n2)^"0" 


SPBD p, n2 


3D • p8~B 


2 


2 


Pp(n2)^"1" 


TC 


09 


1 


1 


SkipifC = "1" 


RC 


08 


1 


1 


C^"0" 


SC 


07 


1 


1 


C^"1" 
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Arithmetic Instructions 



Mnemonic 


Code 


Bytes 


Cycles 


Description 


ADCS 


01 






C,A<-C+A+M,SkipifC = "1" 


ADS 


02 






A«-A+M, SkipifCy = "1" 


ADC 


03 






C,A^C+A+M 


AIS n 


3E-4n 




2 


A^A+n, SkiplfCy= "1" 


DAA 


06 






A^A+6 


DAS 


OA 




1 


A^A+10 


AND 


OD 




' 


A^A AM 


OR 


05 






A«-A V M 


EOR 


04 






A^A VM 


CMA 


OB 


. 




A^A 


CIA 


OC 


1 




A^A+1 


RAL 


OE 






/ A V 

CC^ 3^2^1 ^0^ 


RAR 


OF 






/ A , 

^C-^ 3-^2-^1-^0 ->j 










CAM 


16 






Skip if A = M 


CAI n 


3E-0n 


2 


2 


Skip If A = n 


CMI n 


3E- In 


2 


2 


Skip if M = n 


CLl n 


3E-2n 


2 


2 


Skip if L = n 


CPI p. n 


17 • pn 


2 


2 


Skip if Pp = n 


Branch Instructions, etc. 


Mnemonic 


Code 


Bytes 


Cycles 


Description 


JCP a6 


CO-FF 


1 


1 


PC^a6 


JA 


1A 


1 


2 


PC<-(PC^A)+1 


JM 


IB 


1 


2 


PC ^ (M (w), A) 


JP a12 


40 4F 
00"FF 


2 


2 


PC^a12 


CAL a12 


AO AF 
00 FF 


2 


4 


ST ^ PC+2, PC «- a12, SP «- SP- 


-4 


CZP a 


Ba 


1 


4 


ST <- PC+1, PC ^ 2a, SP <- SP- 


4 


UP a13 


3F 3F 
00-1 F 
00 FF 


3 


4 


PC^a13 


LCAL a13 


3F 3F 
80-9F 
00 FF 


3 


4 


ST ^ PC+3, PC ^ a13, SP ^ SP- 


-4 


RT 


IE 


1 


4 


PC^ST,SP<-SP+4 


RTS 


IF 


1 


4 


PC 4- ST, SP <- SP+4, then Skip 
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Counter Control Instructions, etc. 



Mnemonic 


Code 


Bytes 


Cycles 


Description 


LCTM 


3E-51 


2 


2 


CTR <- M (w) 


LMCT 


3E-59 


2 


2 


M(w)^CT 


EOT 


3D • BB 


2 


2 


CTF^"1" (Counter Start) 


DOT 


3D • B7 


2 


2 


CTF <- "0" (Counter Stop) 


TOT 


3D • B3 


2 


2 


SkipifCTF = "1" 


LTMM 


3E-50 


2 


3 


TMR ^ M (2w) 


LMTM 


3E-58 


2 


3 


M(2w)«-TM 


LSRM 


3E-52 


2 


2 


SR ^ M (w), SC ^ "0" SC: Shift Counter 


LMSR 


3E-5A 


2 


2 


M(w)^SR 


ESR 


3D.BA 


2 


2 


SRF <- "1 " (Shift Register Start) 


DSR 


3D. B6 


2 


2 


SRF^"0" (Shift Register Stop) 


TSR 


3D . B2 


2 


2 


Skip if SRF = "1" 



CPU Control Instructions, etc. 



Mnemonic 


Code 


Bytes 


Cycles 


Description 


PUSH 


1C 


1 


3 


ST«-C.A.H.L,SP^SP-4 


POP 


1D 


1 


3 


C,A,H,L^ST,SP^SP+4 


HALT 


3D- B8 


2 


2 


Halt CPU 


STOP 


3D . B9 


2 


2 


Stop CPU 


NOP 


00 


1 


1 


No Operation 
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Explanations of Instruction Symbols 



A 

H 

L 

F 

M 

Md 

M(w) 

Md(w) 

M(2w) 

ST 

SP 

PC 

P 

Pp 

CTR 

CT 

CTF 

TMR 

TM 

SR 

SRF 

(X,Y) 

T (X. Y) 

n 

nn 

n2 

(n2) 

a 

aX 

mm 

C 

Cy 



Accumulator (4-bit) 

H register (4-bit) 

L register (4-bit) 

F register (4-bit) 

RAM word addressed by the H and L registers 

RAM word addressed by second byte of an instruction code 

Two RAM words addressed by the H and L register/ H3-0 and L3-1 (8-bit) 

Two RAM words addressed by second byte of an instruction code (8-bit) 

Four RAM words addressed by the H and L register/H3-0 and L3-2 (16-bit) 

Four RAM words (1 6-bit) allocated as a stack area 

Stack pointer (8-bit) 

Program counter 

Port specified by the L register (4-bit) 

Port specified by 4 high-order bits of second byte of an instruction code (4-bit) 

8-Bit counter/register 

8-Bit programmable counter 

Programmable counter start flag 

16-Bit timer/ register 

16-Bit programmable timer 

8-Bit shift register 

Shift register start flag 

ROM address data specified by all -4 as X and a3-0 as Y (12-bit) 

ROM table data specified by all -4 as X and a3-0 as Y (8-bit) 

Immediate data (4-bit) 

Immediate data (8-bit) 

Two low-order bits of an instruction code 

Bit specified by the two low-order bits of an instruction code 

ROM address data 

ROM address data (X-bit) 

RAM address data (8-bit) 

Carry flag 

Flag indicating a carry in a calculation result 
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MSC6458VS 



MSC6458 PIGGY BACK 



GENERAL DESCRIPTION 

The MSC6458VS Is a device whose built-in ROM Is replaced by external EPROM using the 
piggyback method. 



FEATURES 



• Supply Voltage: 5V±5% 

• Frequency: DC --4.3MHz 



• Operating Temperature: ~ 70°C 



ROM INSERTION 



Please refer to drawing below. 



i^^aaaiaiiiiii 




T) 2764/27128 



liliii»ii®ii 



C6458 

OKI 

JAPAN 



PIN CONFIGURATION 



Pin Connection between MSC6458 VS and EPROM 



ToA0~A13 
of MSC6458VS 







lo~l 
MSC6458VS 







Note: When inserting a 2764, 
pin 26 is not used. 



Vcc ■ 
A13 • 

A12 • 
All 
10 ■ 
9 ■ 



AO - 
DO ■ 



5 

6 

D7 



-VPPC 
•A12 C 
■ A7 

- A6 
" A5 ^ 

- A4 C6 

- A3 

- A2 



- 00 c 
■ 01 C 

- 02 C 
■GNDC 



1 ^ 

2 

3 

4 

5 

6 

7'271 



9 
r 10 



■^28 DVcC 
27 II PGM 
26 I1A13 
25 H A8 - 
24 H A9 - 
23 5 All - 

2822 ^ OE - 
21 =^A10- 
20 HCE - 
19 H07 - 
1 8 3 06 - 
1 7 H 06 - 
16 304 - 
15 Il03i 



216 



OLMS-65 SERIES 



miconciuctor 



MSM6502/651 2 



CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER 



GENERAL DESCRIPTION 

The OKI MSM6502/651 2 is a low-power, high-performance 4 bit single-chip microcontroller im- 
plemented in complementary metal oxide semiconductor technology. 

Integrated within this one chip is a 108 (4x27) dot LCD Driver. Also integrated in this chip are 
16K bits of mask program ROM, 512 bits of data RAM, Input/Output lines, a programmable 
timer/counter, and oscillator. 

The advantages of the MSM6502/6512 in comparison with the OLMS-40 Series include, among 
other features, a lower drive voltage, multiplexed interrupts, a larger number of drivable liquid crystal 
elements, a buzzer output, and larger memories. 



FEATURES 








• ROM 


2000 X 8 bit 


• Stack 


: Nesting RAM stack 


• RAM 


1 28 X 4 bit 




pointer = 7 bits 


• Number of 


68 


• Power down 


: Halt mode available 


Instructions 




• Operating power 


: 2.4V -3.6V 


• Clock Oscillation 


Crystal 32.768 kHz 


supply voltage 




• Cycle Time 


91 .5 /as 


• Consumption 


MSM6502 


• Timer Interrupt 


Dual (16 & 128 Hz) 


current 


: 45/jlA (Typical) 


• I/O Ports 


4 bit X 2 Port 


(Vdd=3V, 


30mA (Halt mode) 


• Input ports 


4 bit X 1 Port 


OSC = 


MSM6512 


• LCD Drive 


108(4X27) 


32.768 kHz) 


: 30/xA (Typical) 




picture elements 




1 2fjLA (Halt mode) 


• Buzzer 


2K/1K/51 2 Hz/Soft 


• Package 


: 56 pin FLAT (Small type) 


• Interrupt 


Three types 
(external, two timer 
types) 








FUNCTIONAL BLOCK DIAGRAM 




INSTRUC- 
TION 
DECODER 
PLA 



IP^ IT 



PROGRAM 
MEMORY 
2000x8 BIT 



Ir^^T 




P03~o B2/BZ OCR 4 3l 1 

S s E N ' 

CCS TEST 
1 E 



^8 BIT 



n i rr 
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LOGIC SYMBOL 



PIN CONFIGURATION (TOP VIEW) 



Crystal 
resonator 
connection " 



Reset 
Interrupt . 



Test pins 



+3V- 

ov- 





OSCo 
OSCi 

Reset 
INT 

testT 

TEST2 
TEST3 
TEST4 

vdd 

GND 


PORT 00 
01 
02 
03 

10 
11 
12 
13 

20 

* 21 

22 

23 

C0M1 
2 
3 
4 

SegO 

2 

25 
26 

BZ 
BZ 


































■ 




























} 








::;^ 



Porto 
(input/output ports) 



Portl 
(input/output ports) 



Port 2 
(input ports) 



LCD 

cohimon output 



LCD 

segment output 



Buzzer output 



(DiO'tCOCMT-O 0)OOK<OU5t»- 

CMCVjevjCMCNCMCM i-T-r-t-i-T- 

OOOOOOOQOOOOOO 
UJUJUiUJUJUJUJOUJUJUJUJUJUJ 
COC0C0<OCOCOtO>C0OTCOC0COCO 



iiiiiBiiiiaisiii 




ssaisisiiiiiti 



|r- IW CO 2 Ol^ T- OJ CO '^ 



o 



PIN DESCRIPTION 



Designation 



GND 



Vdd 



OSCo 



OSCi 



P0,P1 



P2 



INT 



Pin No. 



24 



21,49 



22 



23 



1 to4 
5to8 



9to12 



16 



Function 



Circuit GND potential 



Main power source 



Crystal OSC input, internal clock input 



Crystal OSC input, internal clock output 



Pseudo-bidirectional ports for 4-bits parallel I/O. To input data from these ports, 
it is necessary to write "1 " beforehand. 

The port to be selected is specified by the L register. The register contents and 
the corresponding specified ports are listed below. 



Content of L register 


Port Specified 


0.8 


PO 


1.9 


P1 


2.0 AH 


P2 


3.0 BH 


P3 


4.0 CH 


P4 


5.0 DH 


P5 


6.7.0EH.OFH 


No designation 



Note: P3, P4, P6 are internal ports. 



Input ports for 4-bit parallel input with no latching function. 



Input pin to request an interrupt from the external circuit. The input flag is set by 
the faliof the input signal. 
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Designation 


Pin No. 


Function 




15 




RESET 


The reset mode starts after "0" is input to the RESET pin for more than 2 
machine cycles. 

The reset signal has priority over all of other signals and performs the following 
operations automatically: 

(1 ) Resets all bits of the PC (Program counter) to "0". 

(2) Sets all bits of the parallel I/O ports (POO to PI 3) to "1 ". 

(3) Resets the Internal reslster (H, L, ACC, C, P3, P4. P5). 

(4) Resets the skip flag. 

(5) Resets all bits of the time base counter (TBC). 

(6) Resets the interrupt request flag (IRQF). 

(7) Resets the interrupt enable flag (EIF). 

(8) Resets the master interrupt enable flag (MEIF). 

(9) Sets all bits of the stack pointer (SP) to "1 ". 

(1 0) Initializes the segment and common outputs. 

(1 1 ) Sets all bits of the index register (IDR) to "1 ". 




Since the RESET pin is pulled uptoVoQ by an internal reslster (approx. 800 
kn) , it is possible to achieve power ON/reset by connecting it with an 
external capacitor. 


LCD Drive Pins 
SEGO-26 

COiVII ~4 


29 to 48 
50 to 56 
25 to 28 


A special AC waveform designed to comply with liquid crystal properties is 
required for liquid crystal drive purpose. The MSM6502B is equipped with a 
1 /4 duty 1 /3 bias liquid crystal drive circuit with four common output ports and 
27 segments to enable displays of 1 08 picture elements. On/off selection of 
picture element displays involves writing "0" or "1 " in the corresponding bits in 
the RAM OOH to thru 1 AH display area, and subsequent automatic hardware 
controlled display. The frame frequency Is 64 Hz. 


BZ/BZ 


13,14 


BZ and BZ are used in the generation of alarms and other sounds. The 
selectable frequencies include three hardware frequencies (TBC output) 51 2, 
1 024, and 2048 Hz, and a software type based on P50 data. These frequencies 
are selected at P3. 

When one of the hardware frequencies is selected by P3, output of that 
frequency is continuous. But selection of the software type results in output of 
P50 contents to generate a melody by program. 




INSTRUCTION LIST 



Grouping 


Mnemonic 


Code 


Byte 


Cycle 


Function 




LAI n 


8n 


1 


1 


Ace ^ n 




LLI n 


7n 


1 


1 


L — n 




LHLI n8 


6A n8 


2 


2 


HL-n8 




LXI n8 


69 n8 


2 


2 


X— n8 




LAM 


BO 


1 


1 


Ace — M<HL> 


Load 


LAL 


B1 


1 


1 


Acc-L 




LAH 


B2 


1 


1 


Ace — H 




LMA 


B4 


1 


1 


M<HL>— Ace 




LLA 


B5 


1 


1 


L-Ace 




LHA 


B6 


1 


1 


H— Ace 




LMAD m7 


IB m7 


2 


2 


M<m7> —Ace 
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INSTRUCTION LIST (CONT.) 



D 



Grouping 


Mnemonic 


Code 


Byte 


Cycle 


Function 




LAMD m7 


1A m7 


2 


2 


Ace — M<m7> 




LMT 


67 




2 


M<HL+1 ><HL> — ROM<X> 




PUSH HL 


BC 




2 


STACK — HL.SP—SP-2 


Load 


PUSH CA 


BD 




2 


^TACK — C, Ace, SP — SP-2 




POP HL 


BE 




2 


HL— STACK, SP—SP+2 




POP CA 


BF 




2 


C. Ace —STACK, SP — SP+2 




XAM 


B8 




1 


Acc< — ►M<HL> 


Exchange 


XAMD m7 


1C m7 




2 


Acc< — ►M<m7> 




XHS 


3F 






HL^ — ►SP 




INA 


10 






Ace — Ace + 1 , Skip if Aec= 




INL 


11 






L-L+1,SkipifL=0 


Increment 

and 

decrement 


INM 


12 






M<HL>— M<HL>+1,Skipif 
M<HL> = 


INX 


5C 






X— X + 1 




DCA 


14 






Ace — Acc-1 , Skip if Ace= F 




DCL 


15 






L — L-1 SkipifL=F 




DCM 


16 






M<HL>-M<HL>-1,SkipifM<HL> = 
F 




DCX 


5D 






X— X-1 




DSC 


60 






C,Ace—C+Acc+M'<HL>, Adjust if C=0 




DAC 


61 






CAcc— C+Acc+(M < HL > +6), Adjust if 
C=0 




ADS 


62 






Ace — Aec+M<HL>, Skip if Cy=1 




ADCS 


63 






C, Ace — C+Ace+M < HL > ,Skip if C=1 




AIS n 


On 






Ace- Ace+n, Skip if Cy=1 




CMA 


65 






Ace— Ace 




EOR 


66 






Ace- Aec¥M<HL> 


Operation 


AND 


4C 






Ace- AecAM<HL> 


^ 


OR 


4D 






Ace— AceVM<HL> 




CAM 


6B 


"I 




SkipifAcc = M<HL> 




CPAL 


6C 






Skip if Ace = L 




CAXL 


6D 






Skip if Ace = XL 




CAXH 


6E 






Skip if Ace =XH 




SC 


IF 






C— "1" 




RC 


1E^ 






C— "0" 




TC 


4E 






SkipifC="1" 
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INSTRUCTION LIST (CONT.) 



Grouping 


Mnemonic 


Code 


Byte 


Cycle 


Function 


Operation 


RAL 


18 


1 


1 


/ — Ace— X 
(*)— C-3— 2*-1-OH*) 


RAR 


19 


1 


1 


y Ace— V 

{*)— C-3— 2— 1— 0— (*) 




SMB n2 


30-33 


1 


1 


M<HL>bitn2-"1" 




SMBD m7,n2 


50_53 
m7 m7 


2 


2 


M<m7>bitn2— "1" 




SPB n2 


20-23 


1 


1 


Pbitn2*-"1" 




RMB n2 


34-37 


1 


1 


M<HL>bitn2-"0" 


Bit 
Operation 


RMBD m7,n2 


54 57 
m7 m7 


2 


2 


M<m7>bitn2— "0" 


RPB n2 


24-27 


1 


1 


Pbitn2— "0" 




TMB n2 


38-3B 


1 


1 


SkipifM<HL>bitn2="1" 




TMBD m7,n2 


58_5B 
m7 m7 


2 


2 


SkipifM<m7>bitn2="1" 




TPB n2 


28-2B 


1 


1 


SkipifPbitn2="1" 




TAB n2 


2C-2F 


1 


1 


Skipif Accbitn2="1" 




TIRB n2 


49-4B 


1 


1 


if IRQF bit n2="1 " Skip & IRQF bit n2 - "0" 


Interrupt 


El 


5E 


1 


1 


MEIF-"1" 


Dl 


5F 


1 


1 


MEIF*-"0" 




J a11 


9000-97CF 


2 


2 


PCio — o^all 




CAL a1 1 


A000-A7CF 


2 


3 


STACK— PC+2, SP— SP-3, PC 10 - o — a1 1 


Brancii 


JCP a6 


CO-FF 


1 


1 


PCs- o^a6 




RT 


3C 


1 


2 


PC -STACK, SP-SP+3 




RTS 


3D 


1 


1 


PC —STACK, SP— SP+3, then Skip 


Input/ 


IP 


B3 


1 


1 


Ace — P 


Output 


OP 


B7 


1 


1 


P— Ace 


CPU 


HALT 


4F 


1 


1 


HLF-"1" 


Control 


NOP 


00 


1 


1 


No Operation 
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ELECTRICAL CHARACTERISTIC 

ABSOLUTE MAXIMUM RATING 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Power Supply Voltage 


vdd 


Ta = 26X 


-0.3-7 


V 


Input Voltage 


V| 


-0.3- Vdd 


V 


Output Voltage 


Vo 


-0.3- Vdd 


V 


Power Dissipation 


Pd 


Ta = 25°C 
per package 


200 


mV 


StorageTem peratu re 


Tstg 


— 


-55- +150 


°C 



OPERATING RANGE 



, 1 

Parameter 


Symbol 


Conditions 


Limits 


Unit 


Power Supply Voltage 


Vdd 


f(osc)=32.768kHz 


2.4-3.6 


V 


Operating Temperature 


Top 


~ 


-20-4-70 


°C 
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D.C. CHARACTERISTICS 

(Vdd = 3V, Ta = -20 ~ +70''C) 



Parameter 


Symbol 


Conditions 


MIN. 


TYP. 


MAX. 


Unit 


"H" In put Voltage 


V|H 


- 


2.6 


- 


- 


V 


"L" Input Voltage 


V|L 


- 


- 


- 


0.4 


V 


"H" Output 
Voltaged) 


VOH 


l0= -1.0 mA 


2.0 


- 


- 


V 


"L" Output 
Voltage(2) 


Vol 


IO = 1.0mA 


- 


- 


1.0 


V 




V3 


MSM6502 


IO=-5/-tA 


2.8 


- 


3.0 


V 




MSM651 2 


IO=-2/aA 




V2 


MSM6502 


l0 = ±2,.A 


1.8 


- 


2.2 


V 


LCD Drive 


MSM6512 


IO = ±0.5/xA 


Output VoltageO) 


Vi 


MSM6502 


IO = ±2)LtA 


0.8 


- 


1.2 


V 




MSM6512 


IO = ±0.5)LtA 




Vo 


MSM6502 


IO=6/tA 


0.0 


- 


0.2 


V 




MSM6512 


IO = ±2/uA 


OSCo Input Current 


«IH/I|L 


V|=Vdd/V|=OV 


- 


- 


2/-2 


/.A 


Input Current(4) 


llH/IlL 


V|=Vdd/V|=OV 


- 


- 


1/-10 


A.A 


Input Current(5) 


l|H/l|L 


V|=Vdd/V|=OV 


- 


- 


1000/-1 


^JLA 


Input Current(6) 


«IH/I|L 


V|=Vdd/V|=OV 


- 


- 


1/-40 


^A 


PO, P1 

"H" Output Current 


•oh 


Vo = OV 


- 


- 


-50 


^A 




'dd 


MSM6502 


f(osc)= 32.768 kHz 
at no load 


- 


45 


70 


f,A 




MSM6512 


- 


30 


55 


Current 


•ddhlt 


MSM6502 


f(osc) =32.768 kHz 
at HLT execution 


- 


30 


40 


^A 


Consumption 


MSM651 2 


- 


12 


25 




'dds 


MSM6502 


Statis 


- 


15 


25' 


fjcA 




MSM6512 


- 


5 


15 


Oscillation Start 
Time 


TOSC 


- 


- 


- 


10 


SEC 
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(1) Applied to BZ,BZ 

(2) Applied to BZ,BZ,P0,P1 

(3) Applied to COMMON, SEGMENT 



Jl 



(4) Applied to RESET, INT 

(5) Applied to P2 (When input is unable) 

(6) Applied to P2 (When input is able) 



V3 
V2 

Vi 
Vo 




SWriCHING CHARACTERISTIC 

(Vdd = 3V, Ta = -20 ~ +70°C) 



Parameter 


Symbol 


Conditions 


MIN. 


TYP. 


MAX. 


Unit 


Clock (OSCo) Pulse Width 


t<^W 


- 


15 


- 


- 


mS 


Cycle Time 


tCY 


- 


(1) 


- 


- 


mS 


PO 

P1 Data Valid Time 

P2 


tDV 


- 


(2) 


- 


- 


fjiS 


PO 

PI Data Invalid Time 

P2 


tDIV 


- 


- 


- 


(3) 


^S 


p^ Data Delay Time 


tDDS 


CL=50pF 


- 


- 


(4) 


fjiS 



(1) tcY = 3x 1/f(osc) 

(2) tDV = '>/2x 1/f(osc) 

(3) tD|v = 1 X 1/f(osc)+10/u.S 

(4) tDDS = 6/2x1 /f (osc) + 1 S/xS 



OSCo 



PO 

PI Input mode 

P2 



PO 

p^ Output Mode 



IMC tcY 



jTirvslr 



\(f)W 



t0W 



INVALID 



H 



tDIV 



tDV 



OLD DATA 



tDDS 



INVALID 



I 



NEW DATA 
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TYPICAL PERFORMANCE CURVES for MSM6502 



High-level Output Current (Iqh) 

- Output Voltage (Voh) 

(VDD=3V,Ta=25°C) 



-4 



_ -3 

< 
E 

X 

O -2 





















































































(BZ.BZt 


ermi 


nal) 














\ 




















\ 


V 




















V 
















(CC 


)MM 


ON, SEGMENT termir 

\ 1 ' 1 1 


al) 






^ 


S 


\[(P0;P1 terminal) 









01 23456789 10 

Voh (V) 



< 

E 



10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




Low-level Output Current (Iql) 

- Output Voltage (Vql) 

(VDD=3V.Ta=25°C) 

































































































































1 1 
(PO.PI terminal) 










/^ 


, 


1 — 1 1 
(BZ.BZ terminal) 






























(COMMON SEGMENT terminal) 

1 1 1 1 1 i 1 1 



1234 56 789 10 

vol(v) 



Middle-level Output Current (11 , 12) 

- Output Voltage (V1 , V2) 

{VDD=3V,Ta=25°C) 



Current Consumption (Idd) 

- Power Supply Voltage (Vdd) 

(Ta=25°C,Noload) 






2b 

20 

15 

10 

5 



5 




















































k 


VI 


V2 




















/ 




















< 




L 


1 




















/ 


h 


(COMMON, SEGMENT terminal) 






-10 
-15 
-20 


/ 


/ 










































< 
























_§ 




-25 
C 


) 1 




> C 


J ^ 


Vi,\ 


5 € 

/2(V) 


) 7 


' i 


3 S 


) 1( 


D 



10m 
5m 

1m 
500/Lt 



100/z 
e 50^ 



10)Lt 

5/^ 

500n 
lOOn 













"^ 












































































^ 


f{OSC) 


= 32 


,766 


KH 


z 








y 

y 


01- 


Z 



























































































01 23456 789 10 

Vdd (V) 
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TYPICAL PERFORMANCE CURVES for MSM651 2 



High-level Output Current (Iqh) 

- Output Voltage (Vqh) 

(VDD=3V,Ta=26°C) 



-5 






' 




























































_ -3 
< 

E 






















^ 


(BZ, 


BZ terminal) 












I 
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Low-level Output Current (Iql) 

- Output Voltage (Vql) 

(VDD=3V,Ta=25°C) 
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Middle-level Output Current (11 , 12) 

- Output Voltage (V1 , V2) 

(VDD=3V,Ta=25°G) 
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Current Consumption (Idd) 

- Power Supply Voltage (Vpo) 

(Ta=25°C,Noload) 
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8 BIT SERIES (OKI ORIGINAL) 



MSM62580 



CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 16K BIT E^PROM 



GENERAL DESCRIPTION 

The MSM62580 is a CMOS one-chip microcontroller with on-board 16K bit E^PROM for appli- 
cations such as IC-cards, etc. 

The powerful instruction set consists of 95 instructions including special instructions for IC cards, 
executed by the 8-bit CPU in 800 ns at 5.0 MHz clock frequency. 

The MSM62580 has improved hardware and software for security. Consequently, this chip suits 
application such as IC cards of low cost, high security and high reliability. 



APPLICATION EXAMPLES 

• IC Cards 

• Mechanical Controls 

• Automobile Controls 

• Industrial Controls 



Compact Disc Players 
Audio/Video Equipment 
Household Appliances 
Musical Instruments 



FEATURES 

High speed instruction cycle 

High number of instructions, and an efficient instruction set 

(For example) 

• Instructions for • Instructions for 
serial interface : SIN, SOUT, DLY auto increment 

• Index addressing and auto crecre- 

• 1 byte call addresing : CZP ment 
Small package size 

• Simplified E^PROM write/erase operation by using control ROM. 
From D.C to 5 MHz clock frequency 

• 9600 baud-rate serial Interface using "DLY" instruction. 




INC, DEC 



SPECIFICATIONS 

• Single chip, low power CMOS 

• 8-Bit Microcontroller 

• 3K Bytes program ROM 

• 512 Bytes control ROM 

• 2K Bytes E^PROM 

• 128 Bytes data RAM 



Clock frequency 
Instrucion cycle 
Number of instructions: 
Operation current 
Ambient range 
Number of pads 
Supply voltage 
Die size 



~ 5.0 MHz 

800ns @ 5 MHz 

95 

4 mA typ. 

to 70°C 

5 

+ 5 V ± 10% 

5.0 X 4.5 mm 
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• MSM62580 • 



BLOCK DIAGRAM 



s-i/o 
1=3- 



VDD 

CZh 

RES 

IZH- 



CLK 

£=> 

GND 



DATA 

RAM 

(STACK) 

128X8 



Half carry flag 
Zero flag 
Carry flag 



ACCUMULATOR 



INTERNAL BUS 



E2PR0M 
2kx8 



ROM 
3k,x8 




ALU 

E2PR0M 
ROM 
RAM 



* E2pR0M is not used as instruction area. 

Arithmetic Logic Unit 

Electrically Erasable-Programmable ROM 

Read Only Memory 

Randam Access Memory (Data memory) 



PIN DESCRIPTION 



Description 


Input/Output 


Function 


S-I/O 


Input/Output 


Serial data input/output port. 
Quasi bidirectional I/O port. 
Set "1" level after "Reset". 


Vdd 


— 


Main power source 


GND 


— 


Circuit GND potential 


RES 


Input 


"Reset" has priority over every other signal. 
RES input initialize the processor. 
Active "0" level. 


CLK 


Input 


External clock input 
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• MSM62580 • 



REGISTER DIAGRAM 











Accumulator 

B-register 

CCR 

D-register 

Stack pointer (SP) 

Program Counter (PC) 




7 

1 1 1 




1 1 1 
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1 1 1 









X 


P H Z C 






7 
1 1 1 



1 1 1 






7 
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MEMORY MAP 



127 

7 

F 










6K 

4K 
3K 

31 


) 








1Fh 

IEh 

IDh 

_ 1Ch 

6 
5 
4 
3 
2 
1 





E^PROM 


17FFh 


IOOOh / 
EOOh / 

BFFh / 
IFh 




F 




E 




^ -^—^ 






u «C1_^ 


ST/ 


^CK 


7Fh 

1 

/ 5 

/ 4 

/ 3 

/ 2 

/ 1 




ROM 


R7 




Re 


3 


R5 




R4 


2 


R3 




R2 


1 


Ri 




ZP 


Rn 


Ro 





=ln : local resister (when instruction "Dv 
(a) RAM map 


NZ", n = 4to7 


ZP : is Zero Page address called by instruction "CZP" 
(b) ROM, E^PROM map 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vdd 


Ta = 25°C 


-0.5 to 7 


V 


Input Voltage 


V, 


Ta = 25°C 


-0.3 to Vdd +0.5 


V 


Output Voltage 


vo 


Ta = 25^'C 


-0.3 to Vdd +0.5 


V 


Storage Temperature 


Tstg 




OtO+70 


«C 



OPERATING CONDITIONS 



Parameter 


Symbol 


Limits 


Unit 


Supply Voltage 


Vdd 


4.5 to 5.5 


V 


Operating Temperature 


Top 


Oto +70 


°C 



D.C. CHARACTERISTICS 

(Vdd = 5V± 1 0%, Ta = to +70°C) 



Parameter 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Operating Current 


«DD 


f = 5 MHz 


— 


4 


10 


mA 




CLK 


V|L 


— 


-0.3 




0.5 




Low Input Voltage 


RES 


-0.3 




0.5 


V 




SIO 


-0.3 


— 


0.8 






CLK 


VjH 


- 


2.4 


— 


Vdd 




High Input Voltage 


RES 


4 


— 


Vdd 


V 




SIO 


2.0 


— 


Vdd 




Low Output Voltage 


Vol 


lOL MAX = 1.6mA 





— 


0.4 


V 


High Output Voltage 


VOH 


IohMAX=-100^A 


2.4 


— 


Vdd 


V 


Input Current (CLK, RES) 


l|Hl/hL1 


V| = 0/Vdd 


— 


— 


20 


M 


Input Current (SIO) 


«IH2/'lL2 


— 


— 


-1 


mA 


Input Capacitance 


C| 


f=1MHz 
Ta = 25°C 

- '. 1 


— 


15 


— 


PF 


Output Capacitance 


Co 


— 


20 


— 


PF 



Notes: = CLK, RES has poll down resistance SIO has puir up resistance. 
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A.C. CHARACTERISTICS 

( Vdd = 5V± 1 0%, Ta = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


CLK Cycle Time 


TCY 


200 


— 


— 


ns 


CLK Cycle Low Width 


TCL 


0.4*TcY 


— 


0.6*TcY 


ns 


CLK Cycle High Width 


TCH 


0.4*TcY 


— 


0.6*TcY 


ns 


CLK Cycle Rise Time 


TCR 


— 


— 


5.0 


jxS 


CLK Cycle Fall Time 


TCR 


— 


— 


5.0 


/iS 


RES Pulse Width 


Trw 


8*TcY 


— 


— 


/xS 


SIC INPUT Rise Time 


TSR 


— 


— 


5.0 


fiS 


SIO INPUT Fall Time 


TSF 


— 


— 


5.0 


fiS 



Note: at output capacitance Cq = 30pF 



TIMING CHARTS 
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INSTRUCTION LIST 



MNEMONIC 


opr 


OPERATION 


BYTE 


CYCLE 


FLAGS 




C 


P 


H 


Z 


MOV A, opr 


B 


A^ B 




1 








* 




D 


A-D 




1 








* 




@D 


A - (D) 




1 








* 




@D + 


A^(D), D^D + 1 




2 








* 




@D- 


A<-(D). D^D-1 




2 








* 




N 


A - (N) 


2 


2 








* 




N + D 


A ^ (N + D) 


2 


3 








* 




#N 


A ^ #N 


2 


2 








* 


MOV opr, A 


B 


B ^ A 


1 


1 












D 


D ^ A 


1 


1 








■ 




@D 


(D) - (A) 


1 


1 












@D + 


(D)^A, D^D + 1 


1 


2 












@D- 


(D)<-A, D^D-1 


1 


2 












N 


(N) - A 


2 


2 












N + @D 


(N + D) ^ A 


2 


3 










MOV D, opr 


Rn 


D ^ Rn 


1 


2 












#N 


D ^ #N 


2 


2 










MOV Rn, opr 


D 


Rn <- D 


1 


2 












#N 


Rn <- #N 


2 


3 










MOV @BA, opr 


@D 


(BA) - (D) 


1 


4 










MOV @P, opr 


@BA 


(D) - (BA) 


1 


4 










MOV @D + , opr 


#N 


(D)^#N,D^D + 


2 


2 










MOVW@D + ,opr 


BA 


(D)<-A, (D + 1)^B 


1 


3 










MOVW BA, opr 


@D 


A<-(D), B^(D+1) 


1 


3 








* 


MOVW BA, opr 


#N 


A^#N1, B<-#N2 


3 


3 








* 
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MNEMONIC 


opr 


OPERATION 


BYTE 


CYCLE 


FLAGS 




C 


P 


H 


Z 


XCH A, opr 


B 


A ^ B 


1 


2 








* 




D 


A^ D 


1 


2 








* 




@D 


A-(D) 


1 


2 








* 




N 


A ^ (N) 


2 


2 








* 


XCH D, opr 


B 


D ^ B 


1 


2 












SP 


D <-^ SP 


1 


2 










XCH C, opr 


P 


C <^ P 


1 


1 


* 


* 






ADD A, opr 


@D 


A <- A + (D) 


1 


1 


* 




* 


* 




N 


A<-A + (N) 


2 


2 


■ 
* 




* 


* 




#N 


A^ A+#N 


2 


2 


* 




* 


* 


ADC A, opr 


@D 


A^A + (D) + C 


1 


1 


* 




* 


* 




N 


A<H-A + (N) + C 


2 


2 


* 




* 


* 




#N 


A<-A+#N + C 


2 


2 


* 




* 


* 


DAA 




Decimal adjust 


1 


1 


* 






* 


CMP A, opr 


@D 


A -(D) 


1 


1 


* 






* 




N 


A ^ (N) 


2 


2 


* 






* 




#N 


A ^ #N 


2 


2 


* 




* 


* 


CMP @D, opr 


@BA 


(D) - (BA) 


1 


4 


* 






* 


EGR A, opr 


@D 


A ^ AV(D) 


1 


1 








* 




N 


A ^ AV(N) 


2 


2 








* 




#N 


A<- AV#N 


2 


2 








* 


OR A, opr 


@D 


A <- AV(D) 


1 


1 








* 




N 


A <- AV(N) 


2 


2 








* 




#N 


A^ AV#N 


2 


2 








* 


AND A, opr 


@D 


A ^ A (D) 


1 


1 








* 




N 


A <- A #(N) 


2 


2 








* 




#N 


A ^ A #N 


2 


2 








* 



237 



• MSM62580 •- 



MNEMONIC 


opr 


OPERATION 


BYTE 


CYCLE 


FLAGS 







P 


H 


Z 


INC opr 


A 


A^A + 1 












* 




D 


D <- D + 1 
















@D 


(D)-(D) + 1 












* 




N 


(N)-(N) + 1 


2 


2 








* 


DEC opr 


A 


A ^ A~1 












* 




D 


D ^ D-1 














' 


@D 


(D)-(D)-1 












* 




N 


(N)-(N)-1 


2 


2 








* 


RRC opr 


A 


UC -^ A7 -0-" 






* 






* 




@D 


>-*C -> (D)7'~0-J 






* 






* 




N 


^C -> (N)7~0-' 


2 


2 


* 






* 


RLC opr 


A 


^C^A7--0^ 






* 






* 




@D 


L-C ^ (D)7~0^ 






* 






* 




N 


LC^(N)7--0^ 


2 


2 


* 




, 


* 


PUSH opr 


PSW 


(SP)^A,(SP-1)^CCR. 
SP<-SP-2 




3 












D 


(SP)^D. SP^SP-1 




2 










POP opr 


PSW 


CCR^(SP-I), A^(SP-2), 
SP<-SP + 2 




3 


* 


* 


* 


* 




D 


D^SP + 1, SP<-SP + 1 




2 










JZ opr 


addr 


if Z = 1. PC^PC + 2 + addr 


2 


2/3 










JNZ opr 


addr 


if Z = 1, PC^PC + 2 + addr 


2 


2/3 










JC opr 


addr 


if 0=1, PC^PC + 2 + addr 


2 


2/3 










JNC opr 


addr 


if 0=1. PC^PC + 2 + addr 


2 


2/3 










JB opr 


baddr,addr 


if(baddr) = 1,PC<-PC + 3 + addr 


2 


3/4 










JNB opr 


baddr,addr 


if(baddr) = 1, PC^PC + 3 + addr 


2 


3/4 










DJNZ opr 


Rn,addr 


Rn*-Rn-1, if Rn = 0, 
PC<-PO + 2 + addr(n = 4--7) 


2 


3/4 










JMNE opr 


#N,addr 


if (D) # #N, PC^PC + 3 + addr 


3 


3/4 










JDNE opr 


#N,addr 


if D ^ #N, PC*-PC + 3 + addr 


3 


3/4 
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MNEMNIC 


opr 


OPERATION 


BYTE 


CYCLE 


FLAGS 


C 


P 


H 


Z 


JMP opr 


addr 


PC^addr(0~4K) 


2 


2 










CAL opr 


addr 


(SP)<-PC + 2. PC^addr(0~'4K) 
SP^SP-2 


2 


4 










CZP opr 


addr 


(SP)^PC + 2,PC^ZP,SP^SP-2 




4 










RT 




PC<-(SP), SP*-SP + 2 




3 










NOP 




No Operation 




1 










CLR opr 


A 


A <- 


1 


1 








1 


RC 




C ^ 


1 


1 











SC 




C^1 




1 


1 








RB 


baddr 


(baddr) ^ 


2 


2 










SB 


baddr 


(baddr) ^ 1 


2 


2 










CPL opr 


A 


A ^ A" 




1 








* 




C 


C^ C 




1 


* 








CHK opr 


P 


P^C, if A = odd, C^1 ELSE C<-0 




1 


* 


* 






SIN 




^ SIO 




1 


* 








SOUT 




SI/0 ^ C 




1 










DLY opr 


#N 


DELAY N + 3 CYCLES 


2 


3-258 
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miconductor 



C®/^ 



MSM66301 



OKI ORIGINAL HIGH PERFORMANCE 

CMOS SINGLE-COMPONENT 8/16-BIT MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM66301 is a an new generation, high performance single component microcontroller 
inplemented in sillicon gate complementary metal oxide semiconductor technology (CMOS). 
Integrated within this chip are 1 6-bit ALU, 1 6K bytes of mask program ROM, 51 2 bytes of data RAM, 
48 I/O lines, built-in 16-bit timers, 10-bit A/D converter, serial I/O port pulse, width modulator (PWM), 
and oscillator. 



FEATURES 

• 8-Bit External Data Bus Interface • 

• 16-Bit Internal Architecture • 

• 64K address space for program memory 
(including 1 6K bytes onchip ROM) 

• 51 2K address space for data memory 
(including 51 2 bytes onchip RAM) 

• High speed execution 

Minimum Cycle for Instruction: 400ns • 

(10MHz) 

• The Abundance of Powerful Instructions 
8/1 6 data transfer operation 

8/1 6 bit arithmetic operation 

1 6(8) bit X 1 6(8) bit — 32(1 6) bit 

32(1 6) bit/1 6 (8) bit — 32(1 6) bit 

1 6(8) bit ± 1 6(8) bit -* 1 6(8) bit 
8/1 6 logic operation 

Bit operation • 

String operation • 

User stack operation • 

ROM table access operation • 

• The same instruction allows both byte'and 

word width operation according to Data • 

Descriptor. 

That is to say, the same algorithm and the 

same source program lines are applicable to 

byte and word width data manipulation with • 

only changing Data Descriptor. 

• Many Addressing Modes 



8 Input lines, 40 Input/Output lines 

Built-in 16 bit timer x 4 

Each timer has the following 4 modes. 

Auto reload timer mode 

Clock out mode 

Capture register mode 

Real time output mode 
Serial Port x ich. 

(variable bit length, baud rate generators for 
transmitter & receiver) 

Asyncronous normal mode 

Asyncronous multi processor 

communication mode 

Syncronous normal mode 

Syncronous multi processor 

communication mode 
1 6 bit Pulse Width Modulator x 2 
Transition Detector x 4 
1 bit A/D converter (8 channel) 
1 non-maskable interrupt, 1 6 maskable 
interrupts 
Stand-by Function 

software Clock stop 

software CPU stop 

hardware CPU stop 
64 pin Shrink DIP/64 pin plastic flat 
package/68 pin PLCC 
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PIN CONFIGURATION 



• MSM66301 • 



ADO/POO [T 




eg VDD 


AD1/P01 dj 




63] VREF 


AD2/P02 [1j 




m AGND 


AD3/P03 (T 




61] P57/AI7 


AD4/P04 |T 




60] P56/Aie 


AD5/P05 E 




lU P55/AI5 


AD6/P06 (T 




lU P54/AI4 


AD7/P07 [8 




57] P53/AI3 


A8/P10 d 




H P52/AI2 


A9/P11 (To 




H P51/AI1 


A10/P12 QI 




54] P50/AI0 


A11/P13 (Ti 




53] P47/TRANS3 


A12/P14 (13 




H P46/TRANS2 


A13/P15 (U 




51] P45/TRANS1 


A14/P16 01 




M] P44/TRANS0 


A15/P17 (il 




49] P43/PWM1 


A16/P20 df 




48] P42/PWM0 


A17/P21 jTi 




47] P41/TM1CK 


A18/P22 (i| 




iij P40/TM0CK 


CLKOUT/P23 (M 




45] P37/TM3IO 


RESOUT (21 




44] P36/TM2IO 


ALE il 




43] P35/TM1IO 


PSEN (23 




42] P34/TM0IO 


RD m 




4l] P33/iNfi 


WR ii 




40| P32/iNT0 


READY jge 




M P31/RXD 


EA (27 




38j P30/TXD 


?Lf H 




37J P27/RXC 


RESd 




M P26/TXC 


osco go 




35] P25/HLDA 


0SC1 j31 




34J P24/HOLD 


, GND H 




33| NMi 









FUNCTIONAL BLOCK DIAGRAM 



TMI03 «. 
TMI02 * 
TMI01 - 
TMIOO - 



RXD 
RXD - 
RXC 
TXC 




TRANS3 — * 
TRANS2 
TRANS1 
TRANSQ 



FRANSMITION 
DETECTOR 



VREF 

AI7~AI0 C^ 

AGND 



PWM1 «•— pw^. ^ 

PWMO -^J ^""^ "^ 



SYSTEM CONTROL! 



VG OOCrRfHHI 

DN SSLeElOLNN 

DD CCKsStLDTT 

1 O E O D A. 1 

U T U 

T T 



TT (T ir 



I 



It tiiiiMiit (t ft u au 



P5 P4 P3 P2 PI PO 



^ 



H 



31 



C 



JI 



- EA 

- READY 
►ALE 

— *P^ 

RD 
— ► WR 
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PIN DESCRIPTION 



Designation 


Input/Output 


Function 


P00-P07/ 
AD0-AD7 


I/O 


PO: 8-blt I/O port. Each bit can be assigned to Input or 
output. 

AD: Outputs the lower 8 bits of program counter during 
external program memory fetch, and receives the 
addressed instruction under the control of PSEN. 
Also outputs the address, Outputs or inputs data 
during an external data memory access 
instruction, under control of ALE, RD, and WR. 


P10-P17/ 
As-Ais 


I/O 


P1 : 8-bit I/O port. Each bit can be assigned to input or 

output. 
A: Outputs the middle 8 bits of program counter 

(PCs-is) during external program memory fetch. 

Also outputs the middle 8 bits of address during 

an external data memory access instructions. 


P20-P22/ 
A16 — A18 
P23/CLKOUT 
P24/HOLD 
P25/HLDA 

P26/TXC 
P27/RXC 


I/O 


P2: 8-bit I/O port. Each bit can be assigned to input or 

output. 
A: Outputs the upper 3 bits of address during external 

data memory access instructions. 
CLKOUT: clock output pin. Output frequency range is 

equal to or twice the system clock. 
HOLD: Input pin to request the CPU to enter the 

hardware power-down state. 
HLDA: HOLD ACKNOWLEDGE: the HLDA signal 

appears in reponse to the HOLD signal and 

indicates that the CPU has entered the 

power-down state. 
TxC: Transmitter clock input pin. 
RxC: Receiver clock input pin. 


Pao/TxD 

P31/RXD 

P32/INTO 

P33/INTI 

P34/TiVI0IO 

P35/TMIIO 
P36/TM2IO 

P37/TM3IO 


I/O 


P3: 8-bit I/O port. Each bit can be assigned to input or 

output. 
TxD: Transmitter data output pin. 
RxD: Receiver data input pin. 
INT: Interrupt Request Input pin. 

Falling edge trigger or level trigger is 
selectable. 
TMOIO ~ TM3I0: One of the following signals is output 
or input: 

• clock twice the frequency range of the 1 6 
bit timer overflow 

• load trigger signal to the capture register 
input 

• setting value output 

The signal that is input or output depends on the mode. 
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PIN DESCRIPTION (Continued) 



Designation 


Input/Output 


Function 


P40/TMOCK. 

P41/TMICK 
P42/PWMO 

P43/PWMI 
P44-P47/ 
TRANSO - TRNS3^ 


I/O 


P4: 8 bit I/O port. Each bit can be assigned to Input or 

output. 
TMOCK, TM1 CK: clock input pins of timer 0, timer 1 . 
TRNS: Transition Detector. 

The Input pins which sense the falling edge 

and set the flag. 
PWM: Pulse Wide Modulator output pin. 


P50-P57/ 
AI0-Ai7 


INPUT 


P5: 8 bit input port. 

Al: analog sygnal input pin to A/D converter. 


RESOUT 


OUTPUT 


Output 'H' level when the CPU is in RESET cycle. 
Reset to 'L' level by program. 


ALE 


OUTPUT 


Address Latch The timing pulse to latch the lower 
Enable: 8 bit of the address output from 

port when the CPU accesses the 
external data memory. 




OUTPUT 




PSEN 


Program Store The strobe pulse to fetch to exter- 
Enable: nal program memory. 


RD 


OUTPUT 


Output strobe activated during a BUS read. 

Can be used to enable data on to the bus from the 

external data memory. 


WR 


OUTPUT 


Output strobe during a bus write. 

Used as write strobe to external data memory. 


READY 


INPUT 


Used when the CPU accesses low speed peripherals. 


EA 


INPUT 


Normaly set to 'H' level. 

If set to V level, the CPU fetches the code to external 

program memory. 




INPUT 




FLT 


If FLT is 'H' level, ALE, WR, RD, PSEN are set 'H' level 
when reset. 




If FLT is set to V, ALE. WR, RD PSEN are set to floating 
level when reset. 




INPUT 




RESET 


RESET input pin 
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PIN DESCRIPTION (Continued) 



Designation 


Input/Output 


Function 








OSCo,OSCi 


Oscillation circuit consists of OSCo, OSCi. 


NMI 


INPUT 


non maskable interrupt input pin (falling edge) 


VREF 




reference voltage input pin for A/D converter 


AGND 




ground for A/D converter 


VDD 




system power supply 


GND 




ground 




REGISTERS 

■ ACCUMULATOR 

■ CONTROL REGISTERS (CR) 

PROGRAM STATUS WORD 

PROGRAM COUNTER 
LOCAL REGISTER BASE 
SYSTEM STACK POINTER 

■ POINTING REGISTERS (PR) 

INDEX REGISTER1 
INDEX REGISTER2 
DATA POINTER 
USER STACK POINTER 



PSW 



PC 



LRB 



SSP 



USP 



LOCAL REGISTERS 



erO 
eri 
er2 
er3 







r1 


rO 


r3 


■ r2 


r5 


r4 


r7 


r6 







SPECIAL FUNCTION REGISTERS (SFR) 

All of the I/O functions are controlled by SFRs.Also, some of the internal functions (Timer, WDT, 
etc,...) are controlled by SFRs. SFRs are located in the top of RAM space (OOOH ~ 007FH). 
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MSM66301 Special Function Registers [1] 




Address 


Name 


Abbrebiation 


R/W 


8/16 
Operation 


When 
reset 


0000 


System Stack Pointer 


SSPL 


R/W 


8/16 


FF 


0001 


SSPH 


FF 


0002 


Local Register Base 


LRBL 


R/W 


8/16 


unknown 


0003 


LRBH 




0004 


Program Status Word 


PSWL 


R/W 


8/16 
00 


00 


0005 


PSWH 




• 0006 


Accumulator 


ACCL 


R/W 


8/16 


00 


0007 


ACCH 


00 


0008 


Source Index Register 
for Block Transfer 


SI 


R/W 


16 


unknown 


0009 




OOOA 


Destination Index Register 
for Block Transfer 


Dl 


R/W 


16 


unknown 


OOOB 




OOOC 


Counter Register 
for Block Transfer 


CX 


R/W 


16 


unknown 


OOOE 


Source/Destination 
Bank Register 


BSDI 


R/W 


8 


unknown 


0010 


Stand-By Control Register 


SBYCON 


R/W 


8 


00 


0011 


Watch Dog Timer 


WDT 


R/W 


8 




0012 


Peripheral Control Register 


PRPHF 


R/W 


8 


01 


0016 


Work Area for Emulator 




R/W 


16 


unknown 


0017 




0018 


Interrupt Request Flag 


IRQL 


R/W 


8/16 


00 


0019 


IRQH 


00 


001 A 


Interrupt Enable Flag 


lEL 


R/W 


8/16 


00 


001 B 


lEH 


00 


001 C 


External Interrupt 
Control Register 


EXICON 


R/W 


8 


00 
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MSM66301 Special Function Registers [2] 



Address 


Name 


Abbrebiation 


R/W 


8/16 
Operation 


When 
reset 


0020 


Port Data Register 


P'O 


R/W 


8 


Unknown 


0021 


Port Mode Register 


POlO 


R/W 


8 


00 


0022 


Port 1 Data Register 


PI 


R/W 


8 


unknown 


0023 


Porti Mode Register 


PI 10 


R/W 


8 


00 


0024 


Port 2 Data Register 


P2 


R/W 


8 


unknown 


0025 


Port 2 Mode Register 


P2I0 


R/W 


8 


00 


0026 


Port 2 Special Function 
Control Register 


P2SF 


R/W 


8 


00 


0028 


Port 3 Data Register 


P3 


R/W 


8 


unknown 


0029 


Port 3 Mode Register 


P3I0 


R/W 


8 


00 


002A 


Port 3 Special Function 
Control Register 


P3SF 


R/W 


8 


00 


002C 


Port 4 Data Register 


P4 


R/W 


8 


unknown 


002D 


Port 4 Mode Register 


P4I0 


R/W 


8 


00 


002E 


Port 4 Special Function 
Control Register 


P4SF 


R/W 


8 


00 


002F 


Port 5 


P5 


R 


8 




0030 


Timer Counter 


TMO 


R/W 


16 


00 


0031 


00 


0032 


Timer Register 


TMRO 


R/W 


16 


00 


0033 


00 


0034 


Timer 1 Counter 


TM1 


R/W 


16 


00 


0035 


00 


0036 


Timer 1 Register 


TMR1 


R/W 


16 


00 


0037 


00 


0038 


Timer 2 Counter 


TM2 


R/W 


1 6 


00 


0039 


00 


003A 


Timer 2 Register 


TMR2 


R/W 


16 


00 


003B 


00 


003C 


Timer 3 Counter 


TM3 


R/W 


16 


00 


003D 


00 


003E 


Timer 3 Register 


TMR3 


R/W 


16 


00 


003F 


00 
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MSM66301 Special Function Registers [3] 



Address 


Name 


Abbrebiation 


R/W 


8/16 
Operation 


When 
reset 


0040 


Timer Control Register 


TCONO 


R/W 


8 


00 


0041 


Timer 1 Control Register 


TC0N1 


R/W 


8 


00 


0042 


Timer 2 Control Register 


TC0N2 


R/W 


8 


00 


0043 


Timer 3 Control Register 


TC0N3 


R/W 


8 


00 


0046 


Transition Detector Reg. 


TRNS 


R/W 


8 


00 


0013 


Stop Mode Buffer Flag 




R/W 


8 


00 
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MSM66301 Special Function Registers [4] 



Address 


Name 


Abbrebiation 


R/W 


8/16 
Operation 


When 
reset 


0046 


Transition Detector 


TRNS 


R/W 


8 


00 


0048 


Transmitter Clock Generator 


STTM 


R/W 


8 


00 


0049 


Transmitter Clock Generator 
Control Register 


STTMR 


R/W 


8 


00 


004A 


Transmitter Control Register 


STTMC 


R/W 


8 


00 


004C 


Receiver Clock Generator 


SRTM 


R/W 


8 


00 


004D 


Receiver Clock Generator 
Control Register 


SRTMR 


R/W 


8 


00 


004E 


Receiver Control Register 


SRTMC 


R/W 


8 


00 


0050 


Transmitter Mode Control Register 


STCON 


R/W 


8 


00 


0051 


Transmitter Data Buffer 


STBUF 


W 


8 


unknown 


0054 


Receiver Mode Control Register 


SRCON 


R/W 


8 


00 


0055 


Receiver Data Buffer 


SRBUF 


R 


8 


unknown 


0056 


Receiver Eroor Status Register 


SRSTAT 


R 


8 


00 


0058 


A/D Scanning Mode Register 


ADSCAN 


R 


8 


00 


0059 


A/D Select Mode Register 


ADSEL 


R/W 


8 


00 


0060 


A/D Convert Result Register 


ADCROL 


R 


8/16 


unknown 


0061 


ADCROH 


0062 


A/D Convert Result Register 1 


ADCR1L 


R 


8/16 


unknown 


0063 


ADCR1H 


0064 


A/D Convert Result Register 2 


ADCR2L 


R 


8/16 


unknown 


0065 


ADCR2H 


0066 


A/D Convert Result Register 3 


ADCR3L 


R 


8/16 


unknown 


0067 


ADCR3H 


0068 


A/D Convert Result Register 4 


ADCR4L 


R 


8/16 


unknown 


0069 


ADCR4H 


006A 


A/D Convert Result Register 5 


ADCR5L 




8/16 


unknown 


006B 


ADCR5H 


006C 


A/D Convert Result Register 6 


ADCR6L 


R 


8/16 


unknown 


006D 


ADCR6H 


006E 


A/D Convert Result Register 7 


ADCR7L 


R 


8/16 


unknown 


006F 


ADCR7H 
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MSM66301 Special Function Registers [5] 



Address 


Name 


Abbrebiatlon 


R/W 


8/16 
Operation 


When 
reset 


0070 


PWM Counter 


PWMCOL 


R/W 


8/16 


00 


0071 


PWMCOH 


00 


0072 


PWM Register 


PWMROL 


R/W 


8/16 


00 


0073 


PWMROH 


00 


0074 


PWM 1 Counter 


PWMC1L 


R/W 


8/16 


00 


0075 


PWMC1H 


00 


0076 


PWM 1 Register 


PWMR1L 


R/W 


8/16 


00 


0077 


PWMR1H 


00 


0078 


PWM Control Register 


PWCONO 


R/W 


8 


00 


007A 


PWM 1 Control Register 


PWC0N1 


R/W 


8 


00 
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ADDRESSING MODE 

The MSM66301 supports 512KB (64KBx8BANKs) 05 data space and 64KB of program space 
with verious types of addressing methods. These methods divide into the foilowing types. 



1. RAM ADDRESSING (FOR DATA SPACE) 

1 .1 Register Direct Addressing 



ROR 



DP 



V//////y.Dpy///////A 



1 .2 Displacement Addressing 
a) Zero Page 



L A 10H 




OOOH 




RAM 


001 OH 




y/////////////////. 







b) Direct Page 



ST A, off XXI OH 




xxOOH 
XX10H 


RAM 


1 


Y////////////////y 







1 .3 Pointing Register Indirect Addressing 
a) Data Pointer (DP) Indirect 



SLL [DP] 

'■"■■ . " 


RAM 






V////////////////y 


1 DP 1 ^ 







b) User Stack Pointer (USP) Indirect 



SRL 



1 0H [USPl 



USP 



■^ 



RAM 



V///////////////77, 
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c) Index register (XI , X2) Indirect 





INC 300H 


[X1] 












0-65535 


J — 






r 


X1 1 


RAM 






' r 


V///////////////// 






Pi^J m 









1 .4 Immediate Addressing 





MOV 






ssp, # [; 


27FH 1 











2. ROM ADDRESSING (FOR PROGRAM SPACE) 



2.1 Direct Addressing 
— ex. 



JMP 



200H 



ROM 

y///////////////7A 



0200H 



2.2 Pointing Register Indirect Addressing 
a) Data Pointer (DP) Indirect 



LC [DP] 

■ 1 ", 


ROM 




1 DP 1 ► 


v////////////////\ 







b) User Stack Pointer (USP) Indirect 



J 


10H [USP] 










i 


ROM 




I USP 1 


0-255 


X. 




1 ^^^ p. 


y////////////////// 





c) Pointing Register (X1 , X2, DP, USP) Indirect with 1 6bit displacement 





CMPC 300H [X1] 










, ! / 




1 xi 1 


ROM 




0-65535 




Y/////////////////. 




^KV ^ 
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INSTRUCTIONS 

Data Transfer 



Instruction 


Function 


L A,* 


A — * 


ST A,* 


A - * 


MOV *, A 


* - A 


MOV *, # 


* ^ Imme. 


MOV er. * 


er ^ * 


MOV d,* 


(d) - * 


MOV DP,* 


DP — * 


MOV X1.* 


X1 — * 


MOV X2,* 


X2 - * 


MOV USP,* 


USP - * 


MOV PSW,* 


PSW - * 


MOV SSP, * 


SSP - * 


MOV LRB,* 


SSP - * 


CLR 


* — 


SWAP 


A 15-8 " ^ A7-O 


XCHG A, * 


A^ ^* 


XNBL A,* 


Aa-o" ►*3-o 


TRNS USP, LRB 


USP 15-3 — LRB 12-0 
USP2-0 - 


TRNSLRB,USP 


LRB 12-0 *- USP 15-3 
LRB 15- 13 — 



Push & Pop 



Instruction Function 


PUSHU 


* - USER STACK 


POPU A 


A — USER STACK 


PUSHS 


* — SYSTEM STACK 


POPS 


* — SYSTEM STACK 



Instruction 


Function 


LB A,* 


Al - * 


STB A, * 


Al -- * 


MOVB A, * 


AI-* 


MOVB *,A 


* - AL 


MOVB *, # 


* ^ Imme. 


MOVB r,* 


r ^ * 


MOVB d,* 


(d) - * 


MOVB PSWO,* 


PSWO - * 


MOVB SCB,* 


SCB — * 


















CLRB 


* - 


SWAPB 


A?-4'' ►Aa-o 


XCHGB 


Al' '« 















Instruction 


Function 


PUSHUB * 


* - USER STACK 


POPUB A 


Al - USER STACK 











252 



• MSM66301 • 



Rotate & Shift 



Instruction 


Function 


ROL 


Rotate ^ 


ROR 


Rotate -* 


SLL 


Shift - Logical 


SRL 


Shift — Logical 


SRA 


Shift — Arithmetic 


Increment & Decrement 


Instruction 


Function 


INC 


* — *+i 


DEC 


* ^ *_1 



Instruction 


Function 


ROLB 


Rotate — 


RORB 


Rotate — 


SLLB 


Shift ^ Logical 


SRLB 


Shift — Logical 


SRAB 


Shift -* Arithmetic 




Instruction 


Function 


INCB 


* — * + 1 


DECB 


* ^ *-1 



ROM Table Reference 



Instruction 


Function 


LC A,* 


A - *(ROM) 


CMPC A,* 


A-*(ROM) 



Instruction 


Function 


LCB A, * 


Al - *(ROM) 


CMPCB A,* 


Al-*(ROM) 
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Arithmetic Operation 




Instruction 


Function 


MUL 


er1: A ^ AxerO 


DIV 


erO:A *- erO: A/er2 


ADD 


A,* 


A - A+* 


ADD 


*,A 


* >-' * +A 


ADD 


*,d 


* - * + (d) 


ADD 


*. # 


* ^ * + Imme. 


ADC 


A,* 


A ^ A+*+C 


ADC 


*,A 


* ^ * 4-A + C 


ADC 


*,d 


* — * + (d) +C 


ADC 


*,# 


* ^ * +lmme. +C 


SUB 


A,* 


A - A-* 


SUB 


*,A 


* ^ *-A 


SUB 


*,d 


* - *-(d) 


SUB 


*,# 


* ^ *-lmme. 


SBC 


A,* 


A ^ A-*-C 


SBC 


*,A 


* ^ *-A-C 


SBC 


*,d 


* - *-(d)-C 


SBC 


*,# 


* ^ *-lmme.-C 



Instruction 


Function 


MULB 


A, ^ ALXrO 


DIVB 


A — A/rO 


ADDB 


A,* 


Al - Al + * 


ADDB 


*,A 


* ^ * +Al 


ADDB 


*,d 


* - * + (d) 


ADDB 


*,# 


* *— * + lmme. 


ADCB 


A,* 


Al ^ Al+*+C 


ADCB 


*,A 


* ^ *+Al + C 


ADCB 


*,d 


* — * + (d)+C 


ADCB 


*,# 


* ^ * + lmme. +C 


SUBB 


A,* 


Al - Al-* 


SUBB 


*,A 


* ^ * - Al 


SUBB 


*,d 


* - *-(d) 


SUBB 


*,# 


* ^ * - Imme. 


SBCB 


A,* 


Al ^ Al-*C 


SBCB 


*,A 


* — *-Al-C 


SBCB 


*.d 


* - *-(d)-C 


SBCB 


*,# 


* ^ * - Imme.- C 
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Logical Operation 



Instruction 


Function 


AND A.* 


A 


^ A and* 


AND *, A 


* 


^ *andA 


AND *,d 


* 


^ * and (d) 


AND *, # 


* 


^ * and Imme. 


OR A,* 


A 


^ A or* 


OR *,A 


* 


^ *orA 


OR *,d 


* 


- *or(d) 


OR *.# 


* 


^ * or Imme. 


XOR A, * 


A 


*— A xor * 


XOR *, A 


* 


^ * xor A 


XOR *,d 


* 


— * xor (d) 


XOR *, # 


* 


^ * xor Imme. 



Instruction 


Function 


ANDB 


A,* 


Al '~ ALand* 


ANDB 


*,A 


* ^ *andAL 


ANDB 


*,d 


* ^ * and (d) 


ANDB 


*. # 


* ^ * and Imme. 


ORB 


A,* 


Al "— ALor* 


ORB 


*,A 


* ^ * or Al 


ORB 


*,d 


* *- *or(d) 


ORB 


*.# 


* ^ * or Imme. 


XORB 


A.* 


Al "- ALxor* 


XORB 


*,A 


* ^ * xor Al 


XORB 


*,d 


* ^ *xor(d) 


XORB 


*,# 


* ^ * xor Imme. 



Comparison 



Instruction 


Function 


CMP A,* 


A-* 


CMP *,A 


*-A 


CMP *,d 


*-(d) 


CMP *, # 


*-lmme. 



Instruction 


Function 


CMPB A,* 


Al - * 


CMPB *,A 


*-Al 


CMPB *,d 


*-(d) 


CMPB *,# 


* - Imme. 
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Stack Operation 



Instruction 


Function 


ADD A. [+USP] 


USP — USP + 2,A — A + [USP] 


ADC A. [+USP] 


USP - USP + 2,A - A + [USP]+C 


SUBA.[+USP] 


USP - USP +2, A - A- [USP] 


SBC A. [+USP] 


USP - USP + 2,A - A-[USP]-C 


ANDA.I+USP] 


USP — USP + 2, A — A and [USP] 


ORA.[+USP] 


USP - USP +2, A - A or [USP] 


XOR A. [+USP] 


USP — USP + 2, A — AxorfUSP] 


CMP A. [+USP] 


USP - USP + 2, A - [USP] 


Decimal Adjust 


Instruction 


Function 


DAA 


Decimal Adjust for Add 


DAS 


Decimal Adjust for Substruct 



Bit Operation 




Instruction 


Function 


SBR 


bit — 1 


RBR 


bit — 


MBR C* 


C - bit 


MBR *,C 


bit — C 


TRB 


Z - bit 



Instruction 


Function 


SB 


bit - 1 


RB * 


bit - 


MB C* 


C - bit 


MB *, C 


bit - C 







Execute 




Instruction 


Function 


EX 


Execute Specified Data as the'lnstruction 
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Jump & Call 



Instruction 


Function 


SJ adrs 


Short Jump 


J 


Jump 


JC EQ, adrs 


Jump if '=' 


JC LE, adrs 


Jump if '< =' 


JC GE, adrs 


Jump if '> =' 


JBS bit, adrs 


Jump if bit-on 


JRNZ, DP, adrs 


Loop Function 



Instruction 


Function 


SCAL adrs 


Short Call 


CAL 


Call Subroutine 


JC NE.adrs 


Jump if '^ >'x 


JC LT, adrs 


Jumpif '#' < 


JC GT, adrs 


Jump if '< =' 


JBR bit, adrs 


Jump if bit-off 


VCAL adrs 


Vector Call 



Return 



Instruction 


Function 


RT 


Return from Subroutine 


RTI 


Return from Interrupt 



String Operation 



Instruction 


Function 


SMOVI 


String Transfer with Increasing Pointers 


SMOVD 


String Transfer with Decreasing Pointers 


SCMP 


String Compare 



Others 



Instruction 


Function 


SC 


C - 1 


SS 


STACK FLAG - 1 


NOP 


No Operation 



(Note) 



Instruction 


Function 


RC 


C - 


BRK 


Software Reset 







' * ' Addressing expression (See Addressing mode) 

'#'and'innme.' Immediate value 
'*— 'and'— ' Bit-shift direction 
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8 BIT SERIES (INTEL COMPATIBLE) 



miconcluctop 



MSM80C35/48 
MSM80C39/49 
MSM80C40/50 



CMOS 8-BIT SINGLE CHIP MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM80C48/MSM80C49/MSM80C50 microcontroller Is a low-power, high-performance 
8-bit single chip devicer implemented in silicon gate complementary metal oxide semiconductor 
technology. Integrated within these chips are 8K/16K/32K bits of mask program ROM, 
512/1024/2048 bits of data RAM, 27 I/O lines, built-in 8 bit timer/counter, and oscillator. Program 
memory and data paths are byte wide. Eleven new instructions have been added to the NMOS ver- 
sion's instruction set, thereby optimizing power down, port data transfer, decrement and port float 
functions. 

Available in 40-pin plastic DIP (RS) or 44-pin plastic flat packages (GSK). 

FEATURES 



• Lower power consumption enabled by CMOS • 
silicon gate process • 

• Completely static operation • 

• Improved power-down feature • 

• Minimum instruction cycle 1 .36 /is (1 1 MHz) • 
@Vcc = +5V±10% • 
1 1 MHz version of MSM80C50 (6 MHz < 
XTAL1.2 < 1 1 MHz) is underdevelopment. 

• Every signal input terminal is provided with a • 
Schmitt circuit, except XtALI Pin. • 

• Every signal output terminal Is capable of 

driving a standard TTL, except XTAL2 Pin. • 

• 111 Instructions 

• All instructions are usable even during • 
execution of external ROM instructions. 

• Operation facility • 
Addition, logical operations, and decimal • 
adjust 

• Program memory (ROM) : 1 K x 8 bits • 

(MSM80C48) 
2K X 8 bits 
(MSM80C49) 
4K X 8 bits 
(MSM80C50) 
64 X 8 bits 
(MSM80C48) 
1 28 X 8 bits 
(MSM80C49) 
256 X 8 bits 
(MSM80C50) 



Data memory (RAM) 



Two sets of working registers 

External and timer interrupts 

Two test Inputs 

Built-in 8-bit timer counter 

Extendable external memory and I/O ports 

Input/output ports : Input/output ports 

- 8 bits X 2 

: Data bus input/output 

- 8 bits X 1 
Single-step execution function 

Every signal input terminal is provided with a 
Schmitt circuit, except XTAL 2 Pin 
Every signal output terminal is capable of 
driving a standard TTL, except X'tal 2 Pin. 
Wide range of operating voltage, from +2.5V 

to+6VofVcc- 

High noise margin action 

Two kinds of package; 40-pln plastic DIP and 

44-pin plastic flat package 

Compatible with Intel's 8048, 8049 and 8050 
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FUNCTIONAL BLOCK DIAGRAM 



PORT 2 BUS BUFFER 



Of 



7T 



I CQI 



J 



K X8BITMSM80CU8RS 
K X 8 BIT MSM80C49RS 
K X8BITMSM80C50RS 



T1 — Hj 



TI 



Su^- 



TI fT 



INSTRUC- 
. TION 
rV REGISTER 




sz. 



AND LOW 
PC TEMP 
REGISTER 



<± 




T> 



CDNDI- 
, TIONAL 
— -/ BRANCH 
LOGIC 



CONTROL AND TIMING 



H 



- TESTO 

- TEST1 



II 



RAM 
ADDRESS 
REGISTER 



/- 



-FLAG1 
-TIMER FLAG 
-CARRY 

ACC 

ACC BIT TEST 



INT RESET PROG EA XTALI XTAL2 ALE 



1^ 

INTERRUPT I PROM/ 

EXPANDER 
I STROBE 
INITIALIZE CPUMEMOR 

SEPARATE 



FT 



PROGRAM 
MEMORY 
ENABLE 



ADDRESS LATCH, 
DATA LATCH 
STROBE CYCLE 
CLOCK 



READ STROBE 



WRITE STROBE 



MULTIPLEXER 



REGISTER 



REGISTER 1 



H 



Tt.: 



OPTIONAL 
SECOND 
REGISTER 
BANK 



(DATA 

BUS 

PORT) 



^. 



PORT1 

BUS 

BUFFER 

AND 
LATCH 



CO 



DATA MEMORY (RAM) 
64 X 8 MSM80C48RS 
128x8MSM80C49RS 
256 X 8 MSM80C50RS 



PIN CONFIGURATION 



(Top View) 40 Lead Plastic DIP 






TO[T 


V-' 


a vcc 


XTALI [t; 




m TI 


Pin Name 




XTAL2 [T 




Si P27 






RESET [T 




|2lP26 


PI0-PI7 


: Input/output port (PORT1) 


ssE 




SP2s 


P2o - P27 


: Input/output port (P0RT2) 


INT d 




gP24 


DBo ~ DB7 


: Data bus port (BUS PORT) 


EA[T 




UPI7 


T0,T1 


: Test 


RD[1 




llPle 


INT 


: Interrupt 


PSENd 




32) Pis 


RD 


: Read 


WR (10 




mpu 


WR 


: Write 


ALE Oj 




20IPI3 


ALE 


: Address Latch Enable 


DBoEl 




2iPl2 


PSEN 


: Program Store Enable 


DBiGl 




Dpi, 


RESET 


: Reset 


DB2GI 




IDpio 


SS 


: Single Step 


PB3 01 




Dvdd 


EA 


: ROM Mode 


DB4 Gl 




25] PROG 


XTAL1,2 


: Crystal Controlled Oscillator 


DB5GI 




^P23 






DBgGl 




2lP2a 






DB7 [l§ 




22]P2i 






VssE 




2l]P2o 
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PIN DESCRIPTION 



Designation 


Input/Output 


Function 


P10~P17 

(PORTD 


Input/Output 


8-bit quasi-bidirectional port 


P2o~P27 
(PORT 2) 


Input/Output 


8-bit quasi-bidirectional port 

The high -order four bits of external program memory addresses can be 
output from P20-P23, to which the I/O expander MSM82C43RS may also 
be connected. 


DBo~DB7 
(BUS) 


Input/Output 


Bidirectional port 

The low-order eight bits of external program memory address can be 

output from this port, and the addressed instruction is fetched under the 

control of PSEN signal. Also, the external data memory address is output, and 

data is read and written synchronously using RD and WR signals. 

The port can also serve as either a statically latched output port or a 

non-latching input port. 


TO 
(TestO) 


Input/Output 


The Input can be tested with the conditional jump instructions JTO and 
JNTO. The execution of the ENTO CLK instruction causes a clock output to 
be generated. 


T1 


Input 


The input can be tested with the conditional jump instructions JT1 and 
JNT1 . The execution of a STRT CNT instruction causes an internal 
counter Input'to be activated. 


INT 
(Interrupt) 


Input 


Interrupt input. If interrupt is enabled, INT input initiates an interrupt. 
Interrupt is disabled after a reset. 

Also testable with a JNI instruction. Can be used to terminate the 
power-down mode. (Active "0" level) 


RD 
(Read) 


Output 


A signal to read data from external data memory. (Active "0" level) 


WR 
(Write) 




A signal to write data to external data memory. (Active "0" level) 


ALE 
Address & 
Data Latch 

Clock 




This signal Is generated in each cycle. It may be used as a clock output. 
External data memory or external program memory is addressed upon the 
falling edge. For the external ROM, this signal is used to latch the bus port 
data upon the ALE signal rise-up after the execution of the OUTL BUS, A 
instruction. 




Output 




PSEN 

Program 

Store Enable 


A signal to fetch an instruction from external program memory 
(Active "0" level) 




Output 




RESET 


(RESET) input initialize the processor. (Active "0" level) 
Used to terminate the power-down mode. 


SS 
(Single Step) 


Output 


A program is executed step by step. This pin can also be used to control 
internal oscillation when the power-down mode is reset. 
(Active "0" level) 


EA 
(External Access) 


Input 


When held at high level, all instructions are fetched from external memory. 
(Active "1" level) 




Output 




PROG 
(Expander Strobe) 


This output strobes the MSM82C43RS I/O expander. 
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PIN DESCRIPTION (CONT.) 



Designation 


Input/Output 


Function 


XTAL1 
(Crystal 1) 


input 


One side of the crystal input for tfie internal oscillator. An external source can 
also be input. 


XTAL 2 
(Crystal 2) 


Output 


Other side of Crystal input for internal oscillator. 


vcc 


- 


Power supply terminal 


Vdd 


- 


Standby control input. Normally, "1 " level. When set to "0" level, 
oscillation is stopped and processor goes into standby mode. 


vss 


- 


GND 



Note: The required RESET pulse duration is at least two machine cycles under the condition that the power supply 
and the oscillator have been stabilized. 
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ADDED FUNCTIONS OF MSM80C48, MSM80C49 AND MSM80C50 

The MSM80C48, MSM80C49 and 
MSM80C50 basically incorporate the capabili- 
ties of Intel's 8048, 8049, and 8050 plus the fol- 
lowing new functions: 

1 . Power- Down Mode Enhancements 

1 .1 Power-down by software 



(1) 



(2) 



Clock (See item 4, "Power-down mode", for 
details.) 

a. Crystal-controlled oscillator halt (HLTS 
instruction) 
Power requirements can be minimized. 

b. Clock supply halt (HALT instruction) 
Restart is accomplished without oscilla- 
tor wait. 

I/O ports (See Table 4-1 and 4-2 for 
details.) 
I/O port floating instructions 
Power consumption resulting from inputs/ 
outputs can be minimized with FLT and 
FLTT instructions. 

Port floating Is cancelled by e xecuting 
FRES i nstructio n, "0" level at INT pin or "0" 
level at RESET pin. 
(3) Six types of power-down can be done by a 
combination of HLTS/HALT and FLT/FLTT 
instructions. 

1 .2 Power-down by hardware (See 4.3, 

Power-down mode by Vdd pin utilization 
for details.) 

Crystal-controlled oscillators can be halted 
by controlling the Vdd terminal, thereby floating 
all I/O ports for minimum power consumption. 

2. Additional Instructions (1 1 ) 



HLTS 


MOV A, P2 


HALT 


M0VP1, @R3 


FLT 


M0VP1 P, @ R3 


FLTT 


DEC @ Rr 


FRES 


DJNZ @ R, addr 


M0VA,P1 





3. Improved Uses of BUS Po ~ 7, P1 o ~ /, 
P2o — 7, and SS terminals 

3.1 BUSPo~7 

The MSM80C48, MSM80C49, and 
MSM80C50 remove the limitation on the use of 
OUTL BUS, A instructions during the external 
ROM access mode by having an independent 
data latch and external ROM mode address 
latch in BUS Po ~ 7. 

Consequently, there is no need to relocate 
bus port instructions when in the external ROM 
access mode. 

3.2 P1o~7andP2o~7 

The MSM80C48, MSM80C49 and 
MSM80C50 are designed to minimize power 
consumption when P1 o ~ 7 and P2o ~ 7 are used 
as input/output ports, to maximize the perfor- 
mance of CMOS. 

When these ports are used as output ports, 
the acceleration circuit is actuated only when 
output data changes from "0" to "1 ", thus speed- 



ing up the rise time of the output signals. 

When these ports are used as input ports, 
the internal pullup resistance becomes approxi- 
mately 9 kH when Input data is "1 ". 

The internal pullup resistance rises to ap- 
proximately 100 kO when input data is "0". 
Thus, a high noise margin can be obtained by 
selecting the impedance and thus the outflow of 
current is minimized whenever these ports are 
used as output or input ports. 

3.3 Clock generation control via the SS 
terminal 

When the crystal-controlled oscillator Is 
halted in Jjie HLTS or hardware power-down 
mode, the SS terminal Is pulled down by a resis- 
tor of 20 - 50 kn, while its internal pullup resis- 
tor of 200 - 500 kn Is isolated from Vqc- When 
the power-down mode is cancelled, the internal 
resistor of the SS terminal is changed from pull- 
down to pullup. Consequently, the CPU can be 
halted for any period of time until the crystal- 
controlled oscillator resumes normal oscillation 
when a capacitor is connected to the SS termi- 
nal. 

4. Power- Down Mode 

The MSM80C48, MSM80C49, and 
MSM80C50 power-down mode can be enabled 
in 2 different ways-through software by a combi- 
nation of clock control and port floating 
instructions, and through hardware by control of 
theVDDP'i^- 

4.1 Software power- down mode 

Power-down mode can be done by a combi- 
nation of the following instructions. 

(1 ) HALT (clock supply halt to control circuit) 



0,000 



Instruction 
code: 



Description: Although crystal-controlled 
oscillator operation is con- 
tinued, the clock supply to 
the CPU control circuit Is 
halted and CPU operations 
suspended. When cancelling 
this software mode, restart Is 
accomplished without os- 
cillator wait. Timing charts 
are outlined In Figs. 4-1 and 
4-2. 
(2) HLTS (oscillation stop) 



Instruction 
code: 

Description: 



1 





I 



1 



The oscillator operation is 
halted and CPU operations 
suspended. In cancelling 
this power down mode, c on- 
necting a capacitor to the SS 
pin enables a reasonable 
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wait period to be accom- 
plished before normal opera- 
tion is resumed. [Ex cept in 
the case of using the RESET 
pin] 

Timing charts are outlined in 
Figs. 4-3 and 4-4. 
(3) FLT (floating P1 o ~ /, P2o ~ 7, and BPo ~ 7) 



(4) 




Instruction 
code: 

Description: 



10 10 10 

1 



^^ 


Internal ROM 
mode 


External ROM mode 


P1 


Floating 


Floating 


P2 


Floating 


P2o~ 3 operation 
P24 ~ 7 floating 


BP 


Floating 


Operation 



Details of IC pin status as a result of execut- 
ing the FLT Instruction are shown in Table 
4-1. 
FLTT (floating of all output pins) 



Instruction 
code: 

Description: 



110 0.0010 



\^ 


Internal ROM 
mode 


External ROM mode 


ALE 


Floating 


Operation 


PSEN 


Floating 


Operation 


PROG 


Floating 


Floating 


WR 


Floating 


Floating 


RD 


Floating 


Floating 


TO OUT 


Floating 


Floating 


P1 


Floating 


Floating 


P2 


Floating 


P2o~ 3 operation 
P24 ~ 7 floating 


BP 


Floating 


Operation 


XTAL 


Operation 


Operation 



Details of IC pin status as a result of execut- 
ing the FLTT instruction are shown in Table 
4-2. 

Example 1 : Power-down mode accom- 
plished by stopping oscillation. 
o Setting by execution of 
HLTS [82H] instruction. 
Example 2: Power-down mode accom- 
plished by stopping the clock 
supply to the CPU control 
circuit. 

Q Setting by execution of 
HALT [01 H] instruction. 
Example 3: Power-down mode by floating 
of PI ~ 7, P2o ~ 7 and BPo ~ 
7, and subsequent stopping of 
CPU oscillation. 



o Setting by first executing 
the FLT[A2H] instruction 
and then the HLTS[82H] in- 
struction. 
Example 4: Power-down mode by floating 
PI — 7, P2o ~ 7 and BPo ~ 7, 
and then stopping the clock 
supply to the CPU control cir- 
cuit. 

o Setting by first executing 
the FLT[A2H] instruction, 
and then the HALT[01 H] in- 
struction. 
Examples: Power-down mode by floating 
all output pins, followed by 
stopping oscillation. 
o Setting by first executing 
the FLTT[C2H] instruction 
followed by execution of 
the HLTS[82H] instruction. 
Example 6: Power-down mode by floating 
all output pins, followed by 
stopping of the clock supply to 
the CPU control circuit. 
o Setting by first executing 
the FLTT[C2H] Instruction, 
followed by execution of 
the HALT[01 H] instruction. 

4.2 Cancellation of software power-down 
mode 

The power-down mode status outlined 
above in examples 1 to 6 can b e cance lled by 
using either the interrupt pin or the RESET pin. 

(1) Use of the INT pin during external interrupt 
enabled mode (i.e. following execution of 
EN I instruction). 

o The clock generator is activated and the 
CPU started jLjp^ when a "0" level Is ap- 
plied to the INT pin. If this "0" level Is 
maintained until at least 2 ALE output 
signals occur, an external Interrupt is 
generated, and execution proceeds from 
address 3. If, however, the power-down 
mode has been done during the interrupt 
processing routine, execution is 
resumed just after the power-down 
instruction. 

(2) Use of the INT pin during external interrupt 
disabled mode (i.e. following execution of 
DIS I instruction or hardware reset) 

o The clock generator is activated and the 
CPU started jj^ when a "0" level is ap- 
plied to the INT pin. If this "0" level is 
maintained until at least 2 ALE output 
signals occur, execution is resumed just 
after th e power -down instruction. 

(3) Use of the RESET pin 

o The clock generator is activated and the 
CPU starte d up wh en a "0" level is ap- 
plied to the RESET pin. If this "0" level is 
maintained until at least 2 ALE output 
signals occur, the CPU Is reset and ex<^- 
cution proceeds from address 0. In case 
cancellation is done in oscillation stop 
mode, t he "0" level must be input to the 
RESET PIN until oscillation is stabilized. 
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Table 4-1 Details of Pin Status Following Execution of FLT Instruction 



Pin No. 


Pin Name 


Internal ROM 


External ROM 


1P 


TO 


Active 


Active 


2P 


XTAL1 


Active 


Active 


3P 


XTAL2 


Active 


Active 


4P 


RESET 


Active 


Active 


5P 


SS 


200~500knpullup 


200~500kapullup 


6P 


INT 


Active 


Active 


7P 


EA 


Active 


Active 


8P 


RD 


Active 


Active 


9P 


PSEN 


Active 


Active 


10P 


Wr 


Active 


Active 


11P 


ALE 


Active 


Active 


12P 


DBO 


Floating 


Active 


13P 


DB1 


Floating 


Active 


14P 


DB2 


Floating 


Active 


15P 


DB3 


Floating 


Active 


16P 


DB4 


Floating 


Active 


17P 


DBS 


Floating 


Active 


18P 


DB6 


Floating 


Active 


19P 


DB7 


Floating 


Active 


20P 


vss 


0[V] 


0[V] 


21P 


P20 


Floating 


Active 


22P 


P21 


Floating 


Active 


23P 


P22 


Floating 


Actrve 


24P 


P23 


Floating 


Active 


25P 


PROG 


Active 


Active 


26P 


Vdd 


"1" level 


"1 " level 


27P 


P10 


Floating \ 


Floatmg 


28P 


P11 


Floating 


Floating 


29P 


P12 


Floating 


Floating 


30P 


P13 


Floating 


Floating 


31 P 


P14 


Floating 


Floating 


32P 


P15 


Flowing 


Floating 


33P 


P16 


Floating 


Floating 


34P 


P17 


Floating 


Floating 




35P 


P24 


Floating 


Floating 




36P 


P25 


Floating 


Floating 


37P 


P26 


Floating 


Floating 


38P 


P27 


Floating 


Floating 


39P 


T1 


Active 


Active 


40P 


vcc 


+2to+6[V] 


+2to+6[V] 



Note: The FLT mode itself is reset by executing the FRES instruction, or supplying "0" level to INT or RESET pin. 
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Table 4-2 Details of Pin Status Following Execution of FLTT Instruction 



Pin No. 


Pin Name 


Internal ROM 


External ROM 


1P 


TO 


Floating if output enabled 


Floating if output enabled 


2P 


XTAL1 


Active 


Active 


3P 


XTAL2 


Active 


Active 


4P 


RESET 


Active 


Active 


5P 


SS 


200to500k(lpullup 


200to500kftpullup 


6P 


JNT 


Active 


Active 


7P 


EA 


Active 


Active 


8P 


RD 


Floating 


Floating 


9P 


PSEN 


Floating 


Active 


10P 


. WR 


Floating 


Floating 


HP 


ALE 


Floating 


Active 


12P 


DBO 


Floating 


Active 


13P 


DB1 


Floating 


Active 


14P 


DB2 


Floating 


Active 


15P 


DB3 


Floating 


Active 


16P 


DB4 


Floating 


Active 


17P 


DBS 


Floating 


Active 


18P 


DB6 


Floating 


Active 


19P 


DB7 


Floating 


Active 


20P 


vss 


0[V] 


OM 


21P 


P20 


Floating 


Active 


22P 


P21 


Floating 


Active 


23P 


P22 


Floating 


Active 


24P 


P23 


Floating 


Active 


25P 


PROG 


Floating 


Floating 


26 P 


Vdd 


"1" level 


"1" level 


27P 


P10 


Floating 


Floating 


28P 


P11 


Floating 


Floating 


29P 


P12 


Floating 


Floating 


SOP 


P13 


Floating 


Floating 


31 P 


P14 


Floating 


Floating 


32P 


P15 


Floating 


Floating 


33P 


P16 


Floating 


Floating 


34P 


P17 


Floating 


Floating 


36P 


P24 


Floating 


Floating 


36P 


P25 


Floating 


Floating 


37P 


P26 


Floating 


Floating 


38P 


P27 


Floating 


Floating 


39P 


' T1 


Active 


Active 


40P 


vcc 


+2.6 to +6 [V] 


+2.5 to +6 [VI 



Note: The FLTT mode itself Is reset by executing the FRES instruction, or supplying "0" level to INT or RESET pin. 
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XTAL1 



ALE 



.U- -U -U 4^ 

I T1^ I T2 I T3 I ^^ T4 | T5 | T1 | T2 i T3 j T4 | T5 | T1 | T2 i .T3 i T4 | T5 ■ 

injuipijiiuii^ 



1 1 

o-f- 



! I 



CPU MODE 
XTAL 1 • 2 



-fRUN- 



I I h- 

-}hALT EXECUTEt-*! 
-4- STOP-< < H" ' 



> ' 

! ! 

-RUNr 



m 



1 — r 

i ' > 
J ! L 



RESET 



1-1- 






-4RUN- 

1 I 



H U 



I I 



I I 

I I 

I I 

1 I 



I 

-1 

I I 

I I 

I I 

I I 

I I 

I I 



-J_ 



I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 



-L. 



I 



i I I I I i 

-f- RESET EXECUTE— t r 

I I I I I > 



T 
1 



I 



! ^\ 



* Cancellation Condition: Use RESET pin. 



Fig. 4-1 HALT [01 H] Instruction Execution Timing Chart 



•u 



4- 



XTAL 1 



ALE 



iPpj^^ 



' Ll 



I I 
-IHALT EXECUTED-— < 



JTl 



m 



CPU MODE r 
XTAL 1 • 2 -h 



4RUN- 



-StOP^>- 



,L I 



INT 



ot-H 



I 



__ l ._^ 1 t 



U- 



I I 

-TRUN- 

I I 
I I 
I 1 



-JRUN- 



I ! 



T^ 



1^ 



I- I 



J4- 



"T — r- 



4-INTERRUPT EXECUTE—}- 

I i ! I I I 



Cancellation Condition: Use INT pin. 



1 i 



Fig. 4-2 HALT [01 H] instruction Execution Timing Chart 



IT1!T2!J3! 



4- 



, T4 



! J5 ! T1 ! T2 : T3 ! T4 ! T5 I T\\ T2 ! T3 j T4 j T5 '. 



XTAL 1 



ALE 



iipJiilL^^ 



O-f- 



CPU MODE -I- — [run 
XTAL 1 • 2 "T 



RESET 



SS 



1-1- 



SS 200~500Kn*r 



I 



-(^ 



I I 



I 

-HLTSEXECUTE-l ' 
-ST0P<^7tr^ — -^"^-^ 



lUliTl 



„ „ OSC EVOKE 
•STOPf<--|. '— ^ 



r^, r^'^'^ dsc E 

-1 fRUN— ^STOPf<-| I 

I I i I -^RESEl 

I I f held at 

III until th 

I j I I beconrK 

t"i — ^-i — • — H 



RESET pin must be 
0" level 
the oscillation 
becomes normal. 



PULLUP 

^ 20'-50Kn PULLDO WN 

' Cancellation Condition: Use RESET pin. 



1-SS 200- 
' 500Kn 



I 



jti 



-fRUN- 
-+RUN- 

I I I 
I I I 

I L 

I 



nu 



m 



I : I 

-+RESETEXECUTE- 



PULLUP 



Fig. 4-3 HLTS [82H] instruction Execution Timing Chart 
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I T1 |T2!T3! 



T4 



JTB 



XTAL 1 



ALE 



1 

CPU MODE 



oJinjipuiJiiijL_.^wiJiiiiuiJijuiniiJi^^ 

I I I I I I I I 

r h! ! I li i-i! ! 



HRUN 

I I 

-iRUN- 



I U. 



-HLTS EXECUTE-^ 

— }-sTOP </— ' -^— H 

I lose EVOKE 



XTAL 1 • 2 "i iKUlM — -4^STOP^J-H r 

When a 0.47 juF capacitor is^ 50~ 
connected to the SS pin, 60ms 

50-60 ms wait WAIT 



W I 



INT 



SS 



SS 200~500K«- 
' PULLUP 



-hSS 200- 



T1! 



T2 ; T 3 ; T4 1 T5 i T1 ■ T2 | T3 [ T4 j T5 ! 



h — ^ 



_ 1 ' 500Kn PULLUP 

SS 20~50Kn PULLDOWN 



+RUN- 



-tRUN- 

I 



'-.J— , 



I 



-INTERRUPT EXECUTED 



Cancellation Condition: Use INT pin. 



Fig. 4-4 HLTS [82 H] Instruction Execution Timing Chart 



4.3 Hardware power-down mode 

In the MSM80C48, MSM80C49 and 
MSM80C50, forcing the level at the Vdd P'" [pin 
26] to a "0" during either external ROM or inter- 
nal ROM mode results in suspension of the os- 
cillator function and subsequent floatin g (high 
impedance) of all the I/O pins except the RESET, 
SS and XTAL 1/2 pins. The CPU is thereby 
stopped while maintaining internal status. 
Details of the IC pin status at this time are out- 
lined in Table 4-3. 

4.4 Cancellation of hardware power-down 
mode 

(1) Use of RESET pin 

o The clock generator Is activated and the 
CPU started up when a "1" level is applied 
to theVnn pin while a "0" level is input to 
the RESET pi n. If this "0" level is kept ap- 
plied to the RESET pin until oscillation 
become stable, the CPU will be reset and 
will start executing from address 0. The 
timing cha rt is o utlined in Fig. 4-5. 

(2) Use of the INT pin during external interrupt 
enabled status (i.e. following execution of 
EN I instruction) 

O The clock generator is activated and the 
CPU started up when a "1" level is applied 
to the Vpp pin while a "0" level is applied to 
the INT pin. 



If this "0" level is maintained until at least 2 
ALE output signals occur, an external inter- 
rupt Is generated, and execution starts from 
address 3. 

However, if the power-down mode is started 
during an interrupt processing routine, exe- 
cution will be continued on the next Instruc- 
tion after the present instruction. The timing 
chart is out lined In Fig. 4-6. 

(3) Use of the INT pin during external interrupt 
disabled mode (i.e. following execution of 
DIS I Instruction or hardware reset) 

o The clock generator is activated and the 
CPU started up when a "1" level is applied 
to the Vpp pin while a "0" level is applied to 
the INT pin. If this "0" level is maintained 
until at least 2 ALE output signals occur, ex- 
ecution is continued on the next instruction 
after the present instruction. The timing 
chart is outlined in Fig. 4-6. 

(4) Use of Vpo pin only 

o The clock generator is activated and the 
CPU started up when a "1" level is applied 
to the VpD pin w hile a "1 " lev el is also ap- 
plied to both the RESET and INT pins. In 
this case, execution is resumed from the 
stopped position. The timing chart is out- 
lined in Fig. 4-7. 
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Table 4-3 Details of Pin Status during Hardware Power-Down Mode 



Pin No. 


Pin Name 


Normal Operation 
(Vdd = "1" level) 


Power Down Mode 
(Vdd = "0" level) 


1P 


TO 


Active 


Floating if output enabled 


2P 


XTAL1 


Active 


Active 


3P 


XTAL2 


Active 


Active 


4P 


RESET 


Active 


Active 


5P 


SS 


200to500knpullup 


20 to 50 kO pulldown 


6P 


iFJT 


Active 


Active 


7P 


EA 


Active 


Active 


8P 


RD 


Active 


Floating 


9P 


PSEN 


^Active 


Floating 


10P 


WR 


Active 


Floating 


11P 


ALE 


Active 


Floating 


12P 


DBO 


Active 


Floating 


13P 


DB1 


Active 


Floating 


14P 


DB2 


Active 


Floating 


15P 


DBS 


Active 


Floating 


16P 


DB4 


Active 


Floating 


17P 


DBS 


Active 


Floating 


18P 


DB6 


Active 


Floating 


19P 


DB7 


Active 


Floating 


20P 


vss 


0[V] 


0[V] 


21 P 


P20 


Active 


Floating 


22P 


P21 


Active 


Floating 


23P 


P22 


Active 


Floating 


24P 


P2S 


Active 


Floating 


25P 


PROG 


Active 


Floating 


26P 


Vdd 


"1 " level 


"0" level 


27 P 


P10 


Active 


Floating 


28 P 


P11 


Active 


Floating 


29 P 


PI 2 


Active 


Floating 


SOP 


PIS 


Active 


Floating 


31 P 


P14 


Active 


Floating 


32P 


PI 5 


Active 


Floating 


33P 


P16 


Active 


Floating 


34P 


PI 7 


Active 


Floating 


35P 


P24 


Active 


Floating 


36P 


P25 


Active 


Floating 


37P 


P26 


Active 


Floating 


38P 


P27 


Active 


Floating 


39P 


T1 


Active 


Active 


40P 


vcc 


+2to+6[V] 


+2to+6[V] 
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M1. 



M2 



Ml 



M2 



' T1 I T2 ' T3 ' 



. T4 



I J5| T1 |T2|T3 |T4|T5lT1 



X^tal 1 • 2 



i pnnnnnnfL, jiii,^^^ 




^tLJ 



Jti 



j- 



psc 



-4- 



H- 



I 



(EVOKE III 

''reset pin must be heldl 
at "0" level until the i 
oscillation becomes < 

normal ' 

I 

I 



I I 
-RUN- 



RUN- 

I 






-L. 



J_ 



-jL. 



T2jT3'T4 



Jh 



-4- 



SS 200 



500Kn 
PULLUP 



t=^ 

SS 200~500Kn PULLUP 



-i-reset execute— I- 



SS 20~50Kn PULLDOWN 



* Cancellation Condition: Use RESET pin. 



T51 



I 
I 
I 

-r 
.1- 



Fig. 4-5 Hardware Power- Down Mode Timing Chart 



JT1^|T2 ^| T3i 



T4 



X'tal 



ALE 



I T5 I T1 I J2 I J3 I J4 I T5.| T1,| T2 ' T3 | T4 ■ T5 | ^ 



i luiniiniinnnfu^^ijiniiiiiiip 



J i 



CPU MODE 
X'tal 1 • 2 



I I 
-IRUN 



r 'FLOATING 
N < i — / 
I I 



Stl 



STORf- 



-i rRUN-H-ST0P<W??,9v..i=-H- 



I i'--'T I i lEVOKE 

When a 0.47 /uF capacitor is "^502 



! I 



connected to the SS" pin, 
50~60 ms wait. 



^DD 




60ms 
WAIT 

If 



-RUN- 

-RUN- 

■ I 

I 



JtL 



J L 



^ lilt^W^. 



■K-i- 



.J__U-^-i- 



SS 



j i i ' i ; i 



SS 200- 



500Kn ' 
PULLUP 



=^ss: 



-L. 



SS200'— 



-I- 



1 \ \ \ i r 

INTERRUPT EXECUTE-I- 



500Kn PULLUP 



SS 20~50Kn PULLDOWN 



^ Cancellation Condition: Use the INT pin. 



Fig. 4-6 Hardware Power- Down IMode Timing Chart 
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i J^T2 | T3| . 



T4 



T5 



X'tal 



ALE 



I fiiinnnnpn^^jitjppipnnnniiJip^^^ 



1 1 



I FLOATING 



CPU MODE 
X'tal 1 • 2 



J_ 






|RUN-|— ^STOP — — « -I- i — 
' ! I OSC EVOKE 



-STOP-^^ 



I i-'"! ! ; ■"" i_ I 

When a 0.47 /itF capacitor is 1 '^u t- 
connected to the SS pin, 60 ms 

50^-60 ms wait. WAITi 



Vdd 



RESET 



INT 



<i — I -j 



SS 




SS200~500Ka 

PULLUP 



4*SS200- 



T 1 I T2 I T3^ I T4^ | T5 ^ | T1_ i T2 | T3 | T 4 



m. 



-4-4-J 



Jti 



-RUN— f- 



-RUN— h- 

! I 



I I 
H — h 



— , — \ ^„L — 

-I — 



-+- 



-J L- 



I I 

-1 !•- 



1 



I I 

-RESTART- 



T5 



500Ka PULLUP 



SS20'-50Kn PULLDOWN 

* Cancella tion Con dition: Use the Vqq pin on condition 
RESET and INT pins are in "1 " level. 



Fig. 4-7 Hardware Power- Down Mode Timing Chart 
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MSM80C48/MSM80C49/MSM80C50 INSTftUCTION TABLE 



L 
H 






1 
1 


2 
10 


3 
11 


4 
10 


5 
10 1 


6 
110 


7 
111 


8 
10 


9 
10 1 


A 
10 10 


B 
10 11 


C 
110 


D 
11 1 


E 
1110 


F 
1111 






NOP 


HALT 
Added 


OUTLBUS. 
A 


ADDA, 
#data 


JMP 


ENI 




DEC A 


INS A, BUS 


IN A, PI 


INA, P2 




MOVDA, 
Pp 
















1 
1 


INC @. RO 


INC@,R1 


JBOaddr 


ADDCA, 
#data 


CALL 


DISI 


JTFaddr 


INC A 


INCRr 




































2 

10 


XCHA®, 
RO 


XCHA®, 
R1 




MOV A, 
#data 


JMP 


EN TCNTI 


JNTO addr 


CLRA 


XCH A, Rr 




































3 
11 


XCHD 
A, @R0 


XCHD 
A, @R1 


JB1 addr 




CALL 


DISTCNTI 


JTO addr 


CPLA 




0UTLP1, 
A 


OUTLP2, 
A 




MOVD Pp, 
A 








4 
10 


ORLA, 
@R0 


ORLA, 
@R1 


MOVA,T 


ORLA, 
#data 


JMP 


STRTCNT 


JNT1 addr 


SWAP A 


ORLA,Rr 




































5 
10 1 


ANLA, 
@R0 


ANLA, 
@R1 


JB2 addr 


ANLA, 
#dat9 


CALL 


STRTT 


JT1 addr 


DA A 


ANLA.Rr 




































6 
110 


ADDA. 
@R0 


ADDA, 
@R1 


MOVT,A 


MOV A, PI 
Added 


JMP 


STOP 
TCNT 




RRCA 


ADDA,Rr 














* 






















7 
111 


ADDCA, 
@R0 


ADDCA. 
@R1 


JB3 addr 


M0VA,P2 
Added 


CALL 


ENTO CLK 


JF1 addr 


RRA 


ADDC A, Rr 




































8 
1 


MOVXA, 
@R0 


MOVXA, 
@R1 


HLTS 
Added 


RET 


JMP 


CLRFO 


JN1 addr 




ORL BUS. 
#data 


ORL PI, 
#data 


ORL P2, 
#data 




ORLD Pp, 
A 




















9 
10 1 


MOVX 
@RO,A 


MOVX 
@R1,A 


JB4addr 


RETR 


CALL 


CLRFO 


JNZaddr 


CLRC 


ANLBUS. 
#data 


ANLP1, 
#data 


ANL P2, 
#data 




ANLDPp, 
A 




















A 
10 10 


MOV 
@RO.A 


MOV 
@R1,A 


FLT 
Added 


MOVPA, 

@A 


JMP 


CLRF1 




CPLC 


MOVRr.A 


















» 


















B 
10 11 


MOV @ RO, 
#data 


MOV@Rl, 
#data 


JBSaddr 


JMPP @A 


CALL 


CPLF1 


JFOaddr 




MOVR. 
#data 




































C 
110 


DEC @R0 
Added 


DEC @R1 
Added 


FLTT 
Added 


MOVP1 P,@ 
R3 Added 


JMP 


SELRBO 


JZaddr 


MOV A, 
PSW 


DECRr 




































D 
110 1 


XRLA, 
@R0 


XRLA, 
@R1 


JBSaddr 


XRLA, 

#data 


CALL 


SELRB1 




MOVPSW 
A 


XRLA, Rr 




































E 
1110 


DJNZ @R0 
Added 


DJNZ @R1 
Added 


FRES 
Added 


M0VP3A, 
@A 


JMP 


SELMBO 


JNCaddr 


RLA 


DJNZRr 




































F 
1111 


MOV A. 
@R0 


MOV A, 
@R1 


JB7 addr 


MOVPI.® 
R3 Added 


CALL 


SELMB1 


JCaddr 


RLCA 


MOVA,Rr 





































(0 

S 

00 

o 
o 

CO 
01 

00 
00 

o 
o 

CO 

to 

00 

o 
o 

o 

01 

o 
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EXPLANATION OF INSTRUCTION SYMBOLS 



Symbols are listed below. 






A 


Accumulator 






AC 


Auxiliary carry 


PC 


Program counter 


addr 


1 2-bit program memory address or 


Pp 


Port Indicator (p = 4-7) 




its part 


PSW 


Program status word 


Bb 


Bit indicator (b = ~ 7) 


Rr 


Resister indicator (r = ~ 7) 


BS 


Bank switch 


SP 


Stack pointer 


BUS 


BUS PORT 


T 


Timer 


C 


Carry 


TF 


Timer flag 


CLK 


Clock 


T0,T1 


Test pins TO and T1 


CNT 


Counter 


X 


External RAM 


D 


4-bit data 


# 


Symbol denoting immediate data 


data 


8-bit numerical value 


@ 


Symbol denoting indirect address 


DBF 


Memory data bank flip-flop 


(X) 


Denotes contents of X 


F0,F1 


FO flag and F1 flag 


((X)) 


Denotes contents addressed by X 


1 


Interrupt 


^ 


Transference 



LIST OF INSTRUCTIONS 



Classi- 
fication 


Mnemonic 


Instruction Code 
D7 De Ds D4 Da D2 Di Do 


Hexa- 
decimal 


Byte 


Cycle 


Description 




ADDA,Rr 


1 1 1 r2 ri ro 


68~6F 






{AC).(C),(A)-(A) + (Rr) 




ADD A, @Rr 


1 1 ro 


60-61 






(AC).(C).(A)-(A) + ((Rr)) 




ADD A, #data 


1 1 
d? de ds d4 da d2 di do 


03 
Byte 2 






(AC), (C), (A)- (A) + data 




ADDCA,Rr 


1 1 1 1 r2 ri ro 


78~7F 






(AC).(C),(A)-(A) + (Rr)+(C) 




ADDC A, @Rr 


1 1 1 ro 


70-71 






(AC),(C),{A)-(A)-l-((Rr))+(C) 




ADDC A, #data 


1 1 1 
dr de ds d4 da d2 di do 


13 
Byte 2 






(AC),(C).(A)-(A)+data + (C) 




ANLA,Rr 


1 1 1 r2 ri ro 


58-5F 






(A)-(A)AND(Rr) 


(0 


ANLA,@Rr 


1 1 ro 


50-51 






(A)-(A)AND((Rr)) 


1 
o 

3 


ANLA.#data 


10 10 11 
d? de ds d4 da d2 di do 


53 
Byte 2 






(A)*- (A) AND data 


In 
c 


ORLA,Rr 


1 1 r2 n ro 


48-4F 






(A)-(A)OR(Rr) 


o 


ORLA, @Rr 


1 ro 


40-41 






(A)-(A)OR((Rr)) 


S 


ORLA,#data 


10 11 
dr de ds d4 da d2 di do 


43 
Byte 2 




2 


(A) «- (A) OR data 


3 


XRLA. Rr 


1 1 1 1 r2 n To 


D8-DF 






{A)-(A)XOR(Rr) 


E 

3 


XRLA, @Rr 


1 1 1 ro 


D0-D1 






(A)-(A)XOR((Rr)) 


^ 


XRLA.#data 


110 10 11 
d? de ds d4 da d2 di do 


D3 
Byte 2 


2 




(A)— (A)XORdata 




INC A 


10 1 1 1 


17 






(A)-(A) + 1 




DEC A 


1 1 1 


07 






(A)-(A)-1 




CLRA 


10 1 1 1 


27 






(A)-0 




CPLA 


110 111 


37 






(A) -(A) 




DAA 


10 10 111 


57 


1 


1 


Add 6 to bits 0—3 when contents of 
accumulator bits 0—3 exceed 9 or 
when auxiliary carry (AC) is 1 . Then 
add 6 to bits 4-7 when the result of 
adding the carry from the lower — 3 
exceeds 9, or when carry (0) is 1 . 
Set 1 in the carry flag if an overflow 
is generated in the end result, or when 
the carry prior to adjustment is 1 . 
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LIST OF INSTRUCTIONS (CONT.) 



Classi- 
fication 


Mnemonic 


D/ 


De 


Instruction Code 
Ds D4 Ds Ds 


Di 


Do 


Hexa- 
decimal 


Byte 


Cycle 


Description 




SWAP A 





1 











1 


1 


1 


47 


1 


1 


(A4~r)^(Ao~a) 


(0 


RLA 


1 


1 


1 








1 


1 


1 


E7 


1 


1 


L]A7 A6 As A4 A3 A2 A, Ao|-J 
Rotate accumulator contents to the 
left by 1 bit. 


c 
.2 


RLCA 


1 


1 


1 


1 





1 


1 


1 


F7 


1 


1 


L "cj-^ A7 Afi As A4 A3 A2 A, Ao|J 

Rotate accumulator contents with 
carrytotheleftbylbit. 


i 


RRA 





1 


1 


1 





1 


1 


1 


77 


1 


1 


LjA7 Ae As A4 A3 A2 A, Aq^J 

Rotate accumulator contents to the 
right by 1 bit. 


< 


RRCA 





1 


1 








1 


1 


1 


67 


1 


1 


LfcJH A7 Ae Ai A4 A3 Aj A, AqP 

Rotate accumulator contents with 
carry to the right byl bit. 




INA,P1 






















1 


09 


1 


2 


(A) -(PI) 




INA,P2 



















1 





OA 


1 


2 


(A) -(P2) 




OUTLPI.A 








1 


1 










1 


39 


1 


2 


(P1) -(A) 




OUTL P2, A 








1 


1 







1 





3A 


1 


2 


(P2) -(A) 




ANLP1,#data 


1 
dr 



de 



ds 


1 

d4 


da 



da 



di 


1 

do 


99 
Byte 2 


2 


2 


(P1)-(P1) AND data 




ANL P2, #data 


1 
d? 



de 



ds 


1 
d4 


da 



da 


1 
di 



do 


9A 
Byte 2 


2 


2 


(P2)—(P2) AND data 


(0 

c 


0RLP1,#data 


1 
dr 



de 



ds 



d4 


da 



da 



di 


1 
do 


89 
Byte 2 


2 


2 


(PI) -(PI) OR data 


o 

E 


ORL P2, #data 


1 

d/ 



de 




ds 



d4 


da 



da 


1 
di 



do 


8A 
Byte 2 


2 


2 


(P2)*-(P2)ORdata 


3 


INS A, BUS 

























08 


1 


2 


(A) HBUS) 


1 


OUTL BUS, A 




















1 





02 


1 


2 


(BUS) HA) 


t 


ANL BUS, #data 


1 

dr 



de 



ds 


1 
d4 


da 






di 




do 


98 
Byte 2 


2 


2 


(BUS) -(BUS) AND data 




ORL BUS, #data 


1 
dr 



de 



ds 



d4 


da 





di 




do 


88 
Byte 2 


2 


2 


(BUS) -(BUS) OR data 




MOVDA,Pp 


















Pi 


Po 


OC~OF 




2 


(Ao~3)-(Pp)p=4~7 
(A4~r)-0 




MOVDPp,A 








1 


1 






Pi 


Po 


3C~3F 




2 


(Pp) -(Ao~a)p=4~7 




ANLDPp,A 


1 








1 






Pi 


Po 


9C~9F 




2 


(Pp) -(Pp) AND (Ao~a) p-4~7 




ORLDPp,A 


1 















Pi 


Po 


8C~8F 




2 


(Pp) -(Pp) OR (Ao-a) p=4~7 


CO 


INC Rr 











1 






ri 


ro 


18~1F 




1 


(Rr) -(Rr) + 1 


ill 


INC @Rr 











1 










ro 


10-11 




1 


((Rr))-((Rr)) + 1 


III 


DECRr 


1 


1 












ri 


ro 


C8~CF 




1 


(Rr) -(Rr)-1 




DEC @Rr 


1 


1 
















ro 


C0~C1 




1 


((Rr))-((Rr))-1 




JMPaddr 


a 10 
ar 


as 
ae 


as 
as 



a4 




aa 


aa 



ai 




ao 


Byte 2 


2 


2 


(PCs- 10) -^ddr8~10 
(PCo-r) ^-addrO~7 
(PC 11) -DBF 


m c 


JMPP @A 


1 





1 


1 








1 


1 


B3 


1 


2 


(PCo-r) -((A)) 
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LIST OF INSTRUCTIONS (CONT.) 



Classi- 
fication 


Mnemonic 


D7 


De 


Instruction Code 
Ds D4 Da Dz 


Di 


Do 


Hex3- 
decimal 


Byte 


Cycle 


Description 




DJNZ Rr, addr 


1 
aV 


1 

36 


1 

3s 




34 


1 

33 


r2 

32 




ro 

30 


E8~EF 
Byte 2 


2 


2 


(Rr) -(Rr) - 1 
(PCo~7) -3ddrif(Rr)=0 
(PC) HPC)+2if(Rr)=0 




DJNZ @Rr, addr 


1 
a? 


36 


1 
3s 




34 




33 




32 




ro 

30 


E0~E1 
Byte 2 


2 


2 


((Rr)) H(Rr)) - 1 
(PCo~7) *-addrif((Rr))=0 
(PC) HPC) + 2if((Rr))=0 




JC addr 


1 

37 


ae 


1 

35 


1 

34 




33 


1 

32 






30 


F6 
Byte 2 


2 


2 


(PCo~7) -addr ifC = 1 
(PC) HPC)+2ifC=0 




JNCaddr 


1 

a? 


36 


1 

35 




34 




33 


1 

32 






30 


E6 
Byte 2 


2 


2 


(PCo~7) -addr ifC = 
(PC) -(PC)+2ifC = 1 




JZaddr 


1 
ar 


1 
36 




35 




34 




33 


1 

32 






30 


C6 
Byte 2 


2 


2 


(PCo~7) -addr ifA = 
(PC) -(PC) + 2 if A =^0 


t 


JNZaddr 


1 
a? 



36 



3s 


1 

34 




33 


1 

32 






30 


96 
Byte 2 


2 


2 


(PCo~7) —addr ifAA=0 
(PC) -(PC) +2 if A = 


o 


JTO addr 




37 




36 


1 

3s 


1 

34 




33 


1 

32 






30 


36 
Byte 2 


2 


2 


(PCo~7) -addr ifT0 = 1 
(PC) -(PC) + 2 if TO = 




JNTOaddr 




37 




36 


1 
3s 




34 




33 


1 

32 






30 


26 
Byte 2 


2 


2 


(PCo~7) -addr ifTO=0 
(PC) -(PC) + 2 if TO = 1 


2 

CD 


JT1 addr 




37 


1 

36 



35 


1 

34 




33 


1 

32 






30 


56 
Byte 2 


2 


2 


(PCo~7) — 3ddr ifT1=1 
(PC) -(PC)+2ifT1=0 




JNT1 addr 




37 


1 

36 



35 




34 




33 


1 

32 






30 


46 
Byte 2 


2 


2 


(PCo~7) —addr ifT1 =0 
(PC) -(PC)+2ifT1=1 




JFOaddr 


1 

37 




36 


1 

35 


1 

34 




33 


1 

32 






30 


B6 
Byte 2 


2 


2 


(PCo~7) -addr if FO = 1 
(PC) -(PC)+2ifF0 = 




JF1 addr 




37 


1 

36 


1 

3s 


1 

34 




33 


1 

32 






30 


76 
Byte 2 


2 


2 


(PCo~7) —addr if F1 = 1 
(PC) -(PC)+2ifF1=0 




JTFaddr 




37 




36 



35 


1 

34 




33 


1 

32 






30 


16 
Byte 2 


2 


2 


(PCo~7) -addrl 

TF -0 /ifTF=1 

(PC) -(PC)+2ifTF = 




JNI addr 


1 

37 




36 




35 




34 




33 


1 

32 






30 


86 
Byte 2 


2 


2 


(PCo~7) -addr iflNT = 
(PC) -(PC)+2iflNT=1 




JBbaddr 


b2 

37 


bi 

36 


bo 

35 


1 

34 




33 




32 






30 


12~F2 
Byte 2 


2 


2 


(PCo~7) —addr if Bb = 1 
(PC) -(PC)+2ifBb=0 


0> <0 

c c 
■Zi o 
3-^ 


CALL addr 


310 

37 


39 
36 


38 
35 


1 

34 




33 


1 

32 






30 


14~F4 
Byte 2 


2 


2 


((SP)) -(PC)+2,(PSW4~^) 
(PC8~io) — addr8~10 
(PCo—) -addrO~7 
(PCii) -DBF 
(SP) -(SP)+1 


II 


RET 


1 



















1 


83 




2 


(SP) -(SP) - 1 
(PC) -((SP)) 




RETR 


1 








1 










1 


93 




2 


(SP) -(SP) - 1 
(PC) -((SP)) 
(PSW4~7) -((SP)) INT END 




CLRC 


1 








1 









1 


97 






(C) -0 


o «} 


CPLC 


1 





1 












1 


A7 






(C) -(C) 


ll 


CLRFO 


1 



















1 


85 






(FO) -0 


S- 3 


CPLFO 


1 








1 










1 


95 






(FO) -(Foy 


E- 


CLRF1 


1 


















1 


A5 






(F1) -O 




CPLF1 


1 







1 










1 


B5 






(F1) -(FTT 


Si- c 


MOVA,Rr 


1 


1 




1 


1 


r2 


ri 


ro 


F8~FF 






(A) -(Rr) 


ll 


MOVA, @Rr 


1 


1 




1 











ro 


F0~F1 






(A) -((Rr)) 


MOVA.#data 



d7 



d6 


ds 



d4 



d3 



d2 


1 

di 


1 

do 


23 
Byte 2 


2 


2 


(A) -d3t3 
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LIST OF INSTRUCTIONS (CONT.) 



Classi- 
fication 


Mnemonic 


D7 


De 


Instruction Code 
Ds D4 Da D2 


Di 


Do 


Hexa- 
decimal 


Byte 


Cycle 


Description 




MOVRr.A 







1 





1 


r2 


r^ 




A8~AF 


1 


1 


(Rr) MA) 




MOV@Rr,A 







1 
















A0~A1 


1 


1 


((Rr)) HA) 




MOVRr.#data 


dr 



de 


1 
ds 


1 

d4 


1 

da 


r2 
da 


n 
di 




B8~BF 
Byte 2 


2 


2 


(Rr) ^-data 




MOV @Rr, #data 


d7 



de 


1 
ds 


1 

d4 



da 



d2 




di 




B0~B1 
Byte 2 


2 


2 


((Rr)) -data 




MOVA.PSW 




1 











1 


1 




C7 






(A) HPSW) 


i 


MOVPSW.A 




1 





1 





1 


1 




D7 






(PSW) -(A) 


1 


XCH A, Rr 








1 





1 


r2 


n 




28~2F 






(A) ^(Rr) 


(0 


XCH A, @Rr 








1 
















20-21 






(A) ^(m) 


1 

c 


XCHD A, @Rr 








1 


1 













30-31 






(Ao-3)^((Rro-3)) 


2 

CO 


MOVXA. @Rr 
























80-81 




2 


(A) M(Rr)) External RAM 


s 


MOVX@Rr,A 










1 













90-91 




2 


((Rr)) MA) External RAM 




MOVPA. @A 







1 















A3 




2 


(A) M(PC8~io,A)) 




M0VP3A. @A 


^ 




1 















E3 




2 


(A) H(PCoii,A)) 




MOVP1 P, @R3 


1 




















C3 




2 


(PI) H((PCo-7)M(R3)))) 




MOV P1,@R3 






1 


1 












F3 




2 


(PI) H(R3)) 




M0VA.P1 







1 















63 






(A) HP1) Latch data 




M0VA,P2 







1 


1 












73 






(A) -(P2) Latch data 




EN TCNTI 








1 















25 






TINT Enable F/F—1 




DISTCNTI 








1 


1 












35 






TINT Enable F/F-0 




ENI 
























05 






EXINT Enable F/F-l 




DISI 











1 












15 






EXINT Enable F/F-0 




SEL RBO 


1 


1 


















C5 






(BS) -0 


c 
.2 


SELRB1 


1 


1 





1 












D5 






(BS) -1 


o 
E 


SEL MBO 


1 


1 


1 















E5 






(DBF) -O 


J 


SELMB1 


1 


1 


1 


1 












F5 






(DBF) -1 


ENTOCLK 





1 


1 


1 












75 






TO — 1/3XTAL1 


^ 


FLT 


1 





1 











1 





A2 






PI, P2, BUS Floating 




FLTT 


1 


1 














1 





C2 






CPU Output Signal Floating 




FRES 


1 


1 


1 











1 





E2 






FLT, FLTT RESET 




HLT 























1 


01 






CPU Control Clock Stop 




HALTS 


1 

















1 





82 






XTAL 1 -2 Stop 




MOVA.T 





1 














1 





42 






(A) *-(T) 


11 


MOVT.A 





1 


1 











1 





62 






(T) -(A) 


8o 


STRT T 





1 





1 





1 





1 


55 




1 


(T) -h32hkl5hXTAL 


II 
J- 


STRT CNT 





1 











1 





1 


45 






(T) -T1 Clock 




STOPTCNT 





1 


1 








1 





1 


65 






(T) Count Stop 




NOP 


























00 


\l 


. 


(PC) MPC) + 1 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


vcc 


Ta = 25°C 


-0.3 to 7 


V 


Input Voltage 


V| 


Ta = 25°C 


-0.3 to Vcc 


V 


Storage Temperature 


Tstg 




-55 to +150 


°C 



OPERATING RANGE 



Parameter 


Symbol 


Conditions 


Limits 


Unit 


Supply Voltage 


Vcc 


fosc = DC-11 MHz* 


+2.5 to +6 


V 


RAM Retention Voltage 


Vcc 




+2 to +6 


V 


Ambient Temperature 


Ta 




-40 to +85 


°C 


Fan Out 


N 


MOS load 


10 




TTLIoad 


1 





1 1 MHz version of MSM80C50 (6 MHz < XTAL1 .2 <1 1 MHz) Is under development. 
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DC ELECTRICAL CHARACTERISTICS 

(Vcc = 5V±1 0%, Ta = -40 to +86°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Measuring 
Circuit 


"L" In put Voltage 


V|L 




-0.3 




0.8 


V 




"H" Input Voltage (1) 


V|H 




2.2 




Vcc 


V 




"H" Input Voltage (2) 


V|H 




3.8 




Vcc 


V 




"L" Output Voltage (3) 


Vol 


IOL = 2mA 






0.45 


V 




"L" Output Voltage (4) 


Vol 


Iql = 1 -6 mA 






0.45 


V 


1 


"H" Output Voltage (3) 


VOH 


IOH = 400/xA 


2.4 






V 




"H" Output Voltage (4) 


VOH 


IOH = 50iLtA 


2.4 






V 




"H" Output Voltage (3) 


VOH 


IOH = 20/aA 


4.2 






V 




"H" Output Voltage (4) 


VoH 


IOH = 10M 


4.2 






V 




Input Leak Current 


'IL 


VSS<V|N<VCC 






±10 


Ilk 


2 


Output Leak Current (5) 


•OL 


vss<vo<Vcc 






±10 


tlk 


3 


RESET Pull up 
Resistance 


Rr 


V|N>V|H</ 
V|N<V|L 


20/500 




50/750 


kn 


2 


SS Pull up Resistance 
(6) 


Rss 


Oscillation 
stop/oscillation 


20/200 




50/500 


ka 




P1,P2Pullup 
Resistance 


RP1.P2 


V|N>V|H/ 
V|N<V|L 


5/75 




15/150 


kn 


3 




'cc 


At hardware power 
down Vqq=2V 
{TA = +25°C) (7) 




1 


10 


/xA 






At HLTS execu- 
tion *Vcc=2V 
(TA = +25°C){7) 




1 


10 


M 




Power Supply Current 


At HALT (6 MHz) 




1.6 


3 


mA 


4 




At HALT (11 MHz) 




2.5 


5 


mA 






Atexecution 
(6 MHz) 




5 


10 


mA 






At execution 
(1 1 MHz) 




10 


20 


mA 





Notes: (1 ) This do es not apply to RESET, XTAL1 , XTAL2, and Vpp. 

(2) RESET, XTAL 1 , XTAL 2, Vpp 

(3) BUS, RD, WR, PSEN, ALE 

(4) Other outputs 

(5) High-impedance state 

(6) This operates as a pull-down resistor when the oscillation is stopped in the HLTS or hardware power-down 
mode and as a pull-up resistor in other states. 

(7) This does not contain flow out current from I/O Ports and Signal pins. 
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AC CHARACTERISTICS 

(VcC = 5V±:1 0%, TA = -40°C to +85°C) 





Symbol 


Limits 




Parameter 


11 MHz Clock 


Variable Clock (0-11 MHz) 


Unit 




Min. 


Max. 


Min. 


Max. 




Cycle Time 


tCY 


1.36 




1.36 




fjiS 


ALE Pulse Width 


tLL 


150 




7/30tcY-1 65 




ns 


Address Set up ALE 


tAL 


70 




2/15tcY-110 




ns 


Address Hold from ALE 


tLA 


50 




1/15tcY-40 




ns 


Bus Port Latch Data Setup 
to ALE 


tBL 


110 




5/30tcY-1 1 5 




ns 


Bus Port Latch Data Hold 
from ALE 


tLB 


90 




3/30tcY-45 




ns 


Control Pulse Width 
(PSEN,RD,andWR) 


tec 


300 




6/1 5tcY-245 




ns 


Data Setup before WR 


tDW 


250 




6/1 5tcY-295 




ns 


Data Hold after WR 


tWD 


40 




2/15tcY-140 




ns 


Data Hold after RD 


tDR 





100 





100 


ns 


PSEN.RD to Data-in 


tRD 




200 




5/15tcY-250 


ns 


Address Setup to WR 


tAW 


200 




6/15tcY-345 




ns 


Address Setup to Data-in 


tAD 




400 




8/1 5tcY-325 


ns 


Address Float to RD.PSEN 


tAFC 












ns 


Port Control Setup to PROG 


tCP 


100 




2/15tcY-80 




ns 


Port Control Hold from PROG 


tpc 


60 




4/15tcY-300 




ns 


PROG to P2 Input Valid 


tpR 


• - 


650 




9/15tcY-165 


ns 


Output Data Setup 


tDP 


200 




6/1 5tcY-345 




ns 


Output Data Hold 


tpD 


20 




3/1 5tcY-250 




ns 


Input Data Hold from PROG 


tPF 





150 





150 


ns 


PROG Pulse Width 


tpp 


700 




10/15tcY-205 




ns 


Port 2 I/O Setup to ALE 


tPL 


150 




9/30tcY-255 




ns 


Port 2 I/O Hold from ALE 


tLP 


20 




3/30tcY-1 1 5 




ns 



Note: Control output: 
Bus output: 



Cl = 80pF 

Cl = 1 50 pF [for 20 pF Uwd)! 
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MSM80C49 OPERATION GUARANTEE RANGE 



(m sec) 
100 

> 

'Z 10 
p 

V 

o 

> 
O 

1 




Ta = -40 to +85°C 














































































































































































































: 








, 








































Operat 


ion Gua 


rantee F 


^ange 


























.^.. ,. 1 r h/ii-iT 








V 






















\ 






















\ 






















\ 






















\ 
























V 






















\ 






















\ 






















\ 






















\ 




MSM 


30C40/ 


50* 




«M .... n tiHl4-r 












"N" 






















N 


\ 






















s 








— - 11 MHz 




































' 
































































































































2 3 4 5 6 (V) 
Supply Voltage (Vqc) 



* 1 1 MHz version of MSM80C40/50 is underdevelopment 
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TIMING CHART 

Instruction Fetch (from external program memory) 




Read (from external data memory) 



ALE 



RD 



BUS 



/~\ 



r~^ 



tAFC 



-*cc- 



N, y 



tRD 



-tAD- 



tDR 



);i^;^^ ; DATA ) |i;^<g)( 



283 



• MSM80C35/48, 80C39/49, 80C40/50 •- 



Write (to external memory) 




4 low-order bits input/output of port 2 when expanded I/O is used 

(in external program memory access mode) 



ALE 



P2o~3 

(Output 
mode) 



P2o~3 
(Input 
mode) 



PROG 



ZX 



zx 



PCH 



PCH 



jr\ 



— -tPL-^tLP 



XPORT \^ PORT \t^ 
DATA /\ CONTROL / ^ 



XPORT V PORT 1^ 
DATA /^ CONTROL / 



tCP 



-tpc- 



-tDP .i+ih-tpD— - 



OUTPUT DATA 



X 



tpR- 



■^ 



tPF 



INPUT 
DATA 



)C 



"tpp- 



\ 



/ 
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MEASUREMENT CIRCUIT 



V|H 



(3) 



1 



vcc 



GND 



X 



(2) 



v) (a)io 




1111^ 



V|H< 
V|L< 



(3) 



Vcc 



GND 



X 



(2) 



I 



(3) 



Vcc 



GND 



X 



■<SHh-l 




Notes: (1) This is repeated for each specified input pin. 

(2) This is repeated for each specified output pin. 

(3) Input logic for setting the specified state. 
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^jI^I semlconcluctor 

MSM80C31 F/MSM80C51 F 

CMOS SINGLE-COMPONENT 8-BIT MICROCONTROLLER 



GENERAL DESCRIPTION 

The OKI MSM80C31 F/MSM80C51 F microcontroller is a low power/high performance 8-bit single 
component device implemented in OKI's silicon gate complementary metal loxide semiconductor 
process technology. Integrated within the device is 4K bytes of mask programmable ROM 
(MSM80C51F only), 128 bytes of data RAM, 32 I/O lines, two 16-bit timer/counters, a five-source 
two-level interrupt structure, a full duplex serial port, and an on chip oscillator and clock circuitry. In 
addition, the device has two software selectable modes for further power reduction - Idle and Power 
Down. Idle mode freezes the CPU's instruction execution while maintaining RAM and allowing the 
timers, serial port and interrupt system to continue functioning. Power Down mode saves the RAM 
contents but freezes the oscillator causing all other device functions to be inoperative. 



FEATURES 

• Operating temperature: -40 ~ +85°G 

• Operating frequency: 0.5 ~ 1 6 MHz 

• CMOS technology, 2/xm Silicon gate 

• Minimum instruction cycle: 

1 .O^s (@ 1 2MHz, Vcc = 5V±20%) 
0.75ms (@ 1 6MHz, Vcc = 5V±1D%) 

• Low power consumption: 

Normal Operation 16 mA @ 5V, 12MHz 

Idle Mode 3.7 mA @ 5V, 1 2MHz 

Power Down Mode 50/iiA @ 2V 

• Instruction set includes 1 1 1 instructions 

• 8-bit CPU 

• On chip oscillator and clock circuitry 



• 32 Input/Output lines 

• 4069 X 8bltsonchipROM (MSM80C51F) 

• 1 28 X 8 bits on chip RAM 

• 64K address space for program memory 

• 64K address space for external data memory 

• Two 1 6-bit timer/counters 

• Five source two-priority level interrupt 
structure 

• Full duplex serial port 

• Boolean processor 

• CMOS and TTL compatible 

• CMOS ROM LESS development device 
(MSM80C31F) 



DIFFERENCES BETWEEN MSM80C31F/MSM80C51F AND 
MSM80C31/MSM80C51 

• Operating frequency 

0.5 — 16 MHz MSM80C31F/MSM80C51F 

0.5 -12 MHz.. MSM80C31/MSM80C51 

• External clock input terminal 

XTAL1.. MSM80C31F/MSM80C51F^ 

XTAL2 MSM80C31 /MSM80C51 

• Emulation mode 

Output impedance of ALE and PSEN pins becomes about 20kn while CPU is being reset in 
MSM80C31 F/MSM80C51 F. 

Any other functions and electrical characteristics of MSM80C31 F/MSM80C51 F except for the above 
three differences are the same as those of MSM80C31 /MSM80C51 . 
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CONTROL SIGNALS 



R/W SIGNALS 



00 




B 



o 
o 

a 

> 
o 

31 

> 



0) 

00 

o 
o 

Cd 



00 

o 
o 
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• MSM80C31 F/80C51 F •- 
PIN CONFIGURATION 



MSM80C51 F-XXRS/MSM80C31 FRS 
(Top View) 40-Lead Plastic DIP 



P1.0C 


1 


v^ 


40 


D VCC 


P1.1 c 


2 




39 


D PO.O/ADO 


P1.2C 


3 




38 


D P0.1/AD1 


P1.3C 


4 




37 


D P0.2/AD2 


P1.4C 


5 




36 


D P0.3/AD3 


Pi.sc 


6 


00 


35 


D P0.4/AD4 


P1.6C 


7 


34 


D P0.5/AD5 


P1.7C 


8 


8 

en 


33 


Z2 P0.6/AO6 


RESET C 


9 


32 


D P0.7/AD7 


RXD/P3.0 IZ 


10 


Tl 


31 


3 EA 


TXD/P3.1 C 


11 


00 


30 


D ALE 


INT0/P3.2 C 


12 


29 


DPSEN 


INT1/P3.3 C 


13 


o 
o 


28 


U P2.7/A15 


T0/P3.4 C 


14 


CO 


27 


H P2.6/A14 


T1/P3.5 C 


15 


Tl 


26 


U P2.5/A13 


WR/P3.6 C 


16 




25 


D P2.4/A12 


RD/P3.7 C 


17 




24 


ZI P2.3/A11 


XTAL2 C 


18 




23 


Zl P2.2/A10 


XTAL1 CZ 


19 




22 


ZI P2.1/A9 


vssc 


20 




21 


Zl P2.0/A8 



MSM80C61 F-XXGSK/MSM80C31 FGSK 
(Top View) 44-Leacl Plastic Flat Package 



O T- CM CO 

Q o a o 
< < < < 

^COCMt-OO o^ww 
,^ r^ r^ T^ r^ OO d c5 d d 

a.a.Q.Q.Q.>ZQ.a.Q.Q. 





44 


43 42 41 


40 39 38 37 36 35 34 















33 


. P0.4/AD4 


PI .61 








32 


. P0.6/AD5 












31 


. PO.fi/ADfi 


RFRFT . 






2S 




30 


. Pn 7/An7 


NC« 










29 


iFA 













28 


~=3A1F 


TXD/P3.1 t-i=:d 






CO ai 




27 


-1 PSEN 


lfNjT0/P3.2 1- 






TIT, 




26 


— =3 NO 


INT1/P3.3I 1-: 








25 


==1P2.7/AD15 


T0/P3.4 1 










24 


IP2.6/AU14 


T1/P3.5l= 










23 


■ » P2.5/AD1 3 




12 


13 14 15 


16 17 18 19 


20 21 


22 





I5« Q.Q.g,g,ca 



MSM80C51 F-XXJS/MSM80C31 FJS 
(Top View) 44 Lead Plastic Leaded Chip Carrier 



PI .5 "fj 

PI 6 ::8] 
pi.7p: 

RESET 
P3.0/RXDriT 

NC 
P3.1/TXD 

P3.2/iF3tot;ijtJ 

PS.a/INTI 
P3.4/T0i:i6] 
P3.5/T1 



E. 


CO 

K. 


a. 


E. 





^ 


Vcc 

PO.O 
P0.1 


CM m 

g 2 


I!! 


l=J 


l< 


13! 


l?J 




Hy y 


'tiH 



o 



00 00 
o o 
o o 

CO 01 



.■ P04 
: P0.5 

QilPo.e 
P0.7 

EA 

NC 

ALE 

PSEN 

P2.7 

P2.6 



S S S 6 



a. a a. 0. 0. 
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PIN DESCRIPTIONS 



Designation 



Description 



vss 



Ground potential 



VCC 



Supply voltage during Normal, Idle and Power Down operation 



Porto 



Port is an 8-blt open drain bidirectional I/O port. It is also the multiplexed 
low-order address and data bus during accesses to external memory. 



Port1 



Port 1 is an 8-bit bidirectional I/O port with internal pullups. It can drive CMOS 
inputs without external pullups. 



Port 2 



Port 2 is an 8-bit bidirectional I/O port with Internal pullups. It receives the 
high-order address byte during accesses to external memory. It can drive 
CMOS inputs without external pullups. 



Ports 



Port 3 is an 8-bit bidirectional I/O port with internal pullups. It also serves the 
functions of various special features, as shown below: 



Port Pin 



Alternate Fucntion 



(serial input port) 

(serial output port) 

(external interrupt) 

(external interrupt) 

(Timer external input) 

(Timer 1 external input) 

(external data memory write strobe) 

(external data memory read strobe) 

It can drive CMOS Inputs without external pullups. 



P3.0 


RXD 


P3.1 


TXD 


P3.2 


INTO 


P3.3 


INT1 


P3.4 


TO 


P3.5 
P3.6 
P3.7 


T1 

WR 

RD 



RESET 



Reset input pin. A reset is accomplished by holding the RESET pin high for at 
least 1 iJL second, even if the oscillator has been stopped. The CPU responds 
by executing an internal reset. An internal pulldown resistor permits Power-On 
reset using only a capacitor connected to Vqc- 

This pin does not receive the power down voltage since the function has been 
transferred to the Vcc P'l^- 



ALE 



Address Latch Enable output for latching the low byte of the address during 
accesses to external memory. For this purpose, ALE is activated twice every 
machine cycle or at a constant rate of 1 /6 the oscillator frequency, except 
during an external memory access at which time one ALE pulse is skipped. It 
can drive CMOS inputs without an external pullup. 



PSEN 



Program Store Enable output Is the read strobe to external Program Memory. 
PSEN is activated twice each machine cycle during fetches from external 
Program Memory. (Howe ver, when executing out of external Program Memory, 
two activ ations o f PSEN are skipped during each access to external Data 
Memory.) PSEN is not activated during fetches from internal Program Memory. 
It can drive CMOS inputs without an external pullup. 



EA 



External Access input pin. When EA Is held high, the CPU executes out of 
internal[Program Memory (unless the Program Counter exceeds OFFFH). 
When EA is held low, the CPU executes only out of external Program Memory. 
EA must not be floated. 



XTAL1 



Crystal 1 pin. it is an Input to the inverting amplifier which forms the internal 
oscillator. It also receives the external clock signal when an external oscillator 
is used. (External clock signal should be at 50% duty and C-MOS level). 



XTAL2 



Crystal 2 pin. It is an output of the inverting amplifier that forms the internal 
oscillator. 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS^ 



Item 


Symbol 


Conditions 


Rating 


Units 


Supply Voltage 


vcc 




-0.5 to +7.0 


V 


Voltage from any Pin to Vss 


VAP 


. 


-0.5 to Vcc +0-5 


V 


Storage Temperature 


TSTG 




-55 to +150 


°C 


Power Dissipation 


PD 




1.0 


W 


OPERATING RANGE 


Item 


Symbol 


Conditions 


Rating 


Units 


Supply Voltage 


Vcc 


fosc = 0.5 ~ 1 6 
MHz 


2.5 to +6.0 


V 


RAM Retention Voltage 


VPD 


Power Down 


2.0 to +6.0 


V 


Operating Temperature 


TOP 




-40 to +85 


°C 



*NOTICE: Stresses at or above those listed under 'Absolute Maximum Ratings' may cause permanent damage to 
the device. This is a stress rating only and functional operation of this device at these or any other condi- 
tions above those indicated in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions may affect device reliability. 

' DC and AC characteristics in the range of 1 2 MHz < f < 1 6 MHz and 2.5 V < Vcc < 4 V will be specified elsewhere. 



DC CHARACTERISTICS 

(TA = -40°C to +85°; Vqc = 4 to 6V: Vss = OV) 



Item 


Symbol 


Condition 


MIn. 


Typ. 


Max. 


Unit 


Input Low Voltage 
(Except EA) 


V|L 


- 


-0.5 




0.2VCC-0.1 


V 


Input Low Voltage 
ToEA 


V|L1 


- 


-0.5 


- 


0.2VCC-0.3 


V 


Input High Voltage 
(Except XTAL1 , RESET) 


V|H 


- 


0.2VCC+0-9 


- 


Vcc+0.5 


V 


Input High Voltage 
(XTAL1 and RESET) 


V|H 


- 


0.7VCC 


- ■ 


Vcc+0.5 


V 


Power Down Voltage 
to Vcc '"^ PD mode 


VpD 


- 


2.0 


- 


6.0 


V 


Output Low Voltage 
Ports 1,2,3 (Motel) 


Vol 


Iql = "J -SmA 


- 


- 


0.45 


V 


Output Low Voltage ' 
Porto, ALE, PSEN 
(Notel) 


VOLI 


l0L = 3.2mA 


" 


" 


0.45 


V 


Output High Voltage 


VOH 


IOH = -10/aA 


0.9VCC 


- 


- 


V 


Ports 1 , 2, 3 


Iqh = -SO^aA 


0.75VCC 


- 


- 


V 




IOH = -60/xA 


2.4 


- 


- 


V 



NOTE 1 : Vql is degraded when the 80031 F/80C51 F rapidly discharges external capacitance. This AC noise is 
most pronounced during the emission of address data. When using external memory, locate the latch or 
buffer as close to the 80031 F/80C51 F as possible. 
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DC CHARACTERISTICS (CONT) 

(TA = -40°C to +85°; Vqc = 4 to 6V: Vss = OV) 



Item 


Symbol 


Condition 


Min. 


Typ. 


Max. 


Unit 


Output High Voltage 

Port 0(in External Bus Mode), 


V0H1 


\Oy^=-40fxA 
(Note 2) 


0.9VCC 


- 


- 


V 


ALE, PSEN 


\O\^=-^50lJiA 


0.75VCC 


- 


- 


V 




lOH = -400/LiA 


2.4 


- 


- 


V 


Logical Input.Current 
Ports 1 , 2, 3 


l|L 


Vin= 0.45V 


- 


- 


-200 


mA 


Logical 1 To Transition 
Current-Ports 1,2,3 


ITL 


Vjn=2.0V 


- 


- 


-500 


mA 


Input Leakage Current 
Port 0, EA 


•li 


VsS<Vin<VcC 


- 


- 


±10 


mA 


Maximum Power Supply 


'cc 


vcc = 


4V 


5V 


6V 




Current Normal Operation 
(Note 3) 


fosc = 12MHz 


12 


16 


20 


mA 




fosc=8MHz 


8.3 


11 


14 


mA 




^osc ~ ^-5 MHz 


4.3 


5.7 


7.5 


mA 




fosc=0.5MHz 


1.6 


2.2 


3 


mA 


Maximum Power Supply 
Current Idle Mode (Note 4) 


ICC1 


fosc = 12MHz 


2.5 


3.7 


5 


mA 


^osc = 8 MHz 


1.8 


2.7 


3.7 


mA 




fosc=3.5MHz 


1.1 


1.6 


2.2 


mA 




fosc=0-5MHz 


0.6 


0.9 


1.2 


mA 


Maximum Power Supply 


'cc 


vcc = 


4.5V 


5V 


5.5V 




Current Normal Operation 
(Note 3) 


fosc = 16MHz 


18 


20 


23 


mA 




fosc = 12MHz 


14 


16 


18 


mA 




fosc=8MHz 


10 


11 


12.5 


mA 




fosc = 1-2MHz 


2.0 


2.3 


2.6 


mA 


Maximum Power Supply 


ICC1 


fosc — ^^ MHz 


4.0 


5.0 


6.0 


mA 


Current Idle Mode (Note 4) 


fosc = 1 2 MHz 


3.0 


3.7 


5.0 


mA 




fosc=8MHz 


2.3 


2.7 


3.2 


mA 




fosc = 1-2 MHz 


1.4 


1.5 


1.6 


mA 


Power Supply Current 
(Power Down Mode) 


«PD 


Vcc=2.0V 
(Note 5) 


- 


- 


50 


mA 


RESET Pulldown Resistor 


Rrst 




20 


40 


125 


kll 


Capacitance of I/O Buffer 


C|0 


fc = 1 MHz 
Ta = 25°C 


- 


- 


10 


PF 
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NOTE 2: Capacitive loading on Ports and 2 may cause the Vqh O" ALE and PSEN to momentarily fall below the 

0-9 Vcc specification when the address bits are stabilizing. 
NOTE 3: Iqc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 1 ns, V||_ = Vss 

+ 0.5V, V|H = Vcc -0^5V; EA = RESET = PORT = Vcc- 'CC ^^V b® higher i^ a crystal oscillator is used. 
NOTE 4: Idle Ice 's measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 1 ns, V|l = 

Vss + 0-5V, V|H = Vcc -0-5V; EA = PORT = Vcc'cC "^^V behJQher if a crystal oscillator is used. 
NOTE 5: Power Down Ipp is measured with all output pins disconnected; EA = PORT = Vcc> XTAL2 N.C.; RESET 

= Vss- 



Datum 


Emitting 
Ports 


Degraded 
I/O Lines 


Vol 

(peak/max) 


Address 


P2,P0 


P1,P3 


0.8V 


Write Data 


PO 


P1.,P2,P3 


0.8V 



CLOCK PARAMETERS 



Item 


Symbol 


freq 


Variable Clock 
= 0.5 MHz to 16 MHz 






Min. 


Max. 


Unit 


Oscillator Period 


TCLCL 


62.5 


- 


ns 


High Time 


TCHCX 


20 


- 


ns 


Low Time 


TCLCX 


20 


- 


ns 


Rise Time 


TCLCH 




20 


ns 


Fall Time 


TCHCL 


- 


20 


ns 



EXTERNAL CLOCK DRIVE 



EXTERNAL 
OSCILLATOR- 
SIGNAL 



Xl 



XTAL2 
XTAL1 

Vss 



Vcc-0.5 




TCHCX - 



TCLCH TCHCL 

-* TCLCX— ^ 



-TCLCL- 



•XTAL1 
Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

*XTAL2 
Output from the inverting oscillator amplifier. 
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AC CHARACTERISTICS 

(Tq p = -4 0°C to 85°C; Vqc = 4V to 6V; Vss =0V; 0.5 to 1 2 MHz; Load Capacitance for Port 0, ALE 
and PSEN = 1 0OpF; Load Capacitance for all other outputs = 80 pF) 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 



Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


ALE Pulse Width 


TLHLL 


2TCLCL-40 


- 




ns 


Address Valid to ALE Low 


TAVLL 


TCLCL-40 


- 


- 


ns 


Address Hold after ALE Low 


TLLAX 


TCLCL-35 


- 


- 


ns 


ALE Low to Valid Instr. In 


TLLIV 


- 


- 


4TCLCL-100 


ns 


ALE Low to PSEN Low 


TLLPL 


TCLCL-25 


- 


- 


ns 


PSEN Pulse Width 


TPLPH 


3TCLCL-35 


- 


- 


ns 


PSEN Low to Valid Instr. In 


TPLIV 


- 


- 


3TCLCL-105 


ns 


Input Instr. Hold after PSEN 


TPXIX 





- 


- 


ns 


Input Instr. Float after PSEN 


TPXIZ 


- 


- 


TCLCL-20 


ns 


PSEN to Address Valid 


TPXAV 


TCLCL-8 


- 


- 


ns 


Address to Valid Instr. In 


TAVIV 


- 


- 


5TCLCL-105 


ns 


PSEN Low to Address Float 


TPLAZ 


- 


- 





ns 


EXTERNAL DATA MEMORY CHARACTERISTICS 


Item 


Symbol 


Min. 


Typ. 


Max. 


Unit 


RD Pulse Width 


TRLRH 


6TCLCL-100 


- 


- 


ns 


WR Pulse Width 


TWLWH 


6TCLCL-1 00 


- 


- 


ns 


Data Address Hold after ALE Low 


TLLAX 


TCLCL-35 


- 


- 


ns 


RD Low to Valid Data In 


TRLDV 


- 


- 


5TCLCL-165 


ns 


Data Hold after RD 


TRHDX 





- 


- 


ns 


Data Float after RD 


TRHDZ 


- 


- 


2TCLCL-70 


ns 


ALE Low to Valid Data In 


TLLDV 


- 


- 


8TCLCL-150 


ns 


Address to Valid Data In 


TAVDV 


- 


- 


9TCLCL-165 


ns 


ALE Low to WR or RD Low 


TLLWL 


3TCLCL-50 


- 


3TCLCL+50 


ns 


Address to WR or RD Low 


TAVWL 


4TCLCL-1 30 


- 


- 


ns 


Data Valid to WR Transition 


TQVWX 


TCLCL-60 


- 


- 


ns 


Data Valid to WR High 


TQVWH 


7TCLCL-1 50 


- 


- 


ns 


Data Hold after WR 


TWHQX 


TCLCL-50 


- 


- 


ns 


RD Low to Address Float 


TRLAZ 


- 


- 





ns 


RD or WR High to ALE High 


TWHLH 


TCLCL-40 


- 


TCLCL+40 


ns 
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AC TrMING DIAGRAMS 



EXTERNAL PROGRAM MEMORY READ CYCLE 



-12TCLCL- 




■^s 



^. 



-TPLPH- 



-^TPLAZ 



y 



"X 



^ ^ ^ J*^^"*"""^^!^ ^ ^ A0-A7 ^ 



TPXAV 
TPXIZ 



X 



ADDRESS A8-A15 



ADDRESS A8-A15 



EXTERNAL DATA MEMORY READ CYCLE 



■^. 



PSEN 



OR SFR-P2 



X 



^. 



A0-A7 



:^> 



-• TRLDV- 



< 



-TRLRH- 



^i 



:>s< 



ADDRESS A8-A15 OR SFR-P2 






EXTERNAL DATA MEMORY WRITE CYCCLE 









w 




TWHLH ^ 




.1 


ALE 


^~ 


^ 


^ 










PSEN 


/~ 






VL 




^ TIAII lAJLJ ^ 














* 






y 




/ 




WR 


■vJ 




TQVWX 


'*-^ 


s 


^ 




— TLLAX-* 


X 










-^TWHOX-*- 


PORTO 


A0-A7 


DATA OUT 


> 










TQVWH 






PORT 2 


ADDRESS X. 
0RSFR-P2 y^ 


ADDRESS A8- 


-A15 0RSFR-P2 


> 
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AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS 



INPUT/OUTPUT 



FLOAT 



V TEST POINTS y y— 

46 -J\22: 2£/\_ 0.4S —^'■'^ 



2.0 if 
0.8^ 



AC inputs during testing are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing measurements are 
made at 2.0V for a logic "1" and 0.8V for a logic "0". For timing purposes, the float state is defined as the point 
at which a PO pin sinks 3.2 mA or sources 400/otA at the voltage test levels. 



SERIAL PORT TIMING 

I/O EXPANSION MODE 

(TA = -40°C to +85°C; Vqc = 4 to 6V; Vss = OV, 0.5 to 1 2 MHz; Load capacitance = 80 pF) 



Symbol 


Parameter 


Min. 


Max. 


Units 


TXLXL 


Serial port clock cycle time 


12TCLCL 


- 


MS 


TQVXH 


Output data setup to clock rising edge 


10TCLCL-133 


- 


ns 


TXHQX 


Output data hold after clock rising edge 


2TCLCL-1 1 7 


- 


ns 


TXHDX 


Input data hold after clock rising edge 





- 


ns 


TXHDV 


Clock rising edge to input data valid 


- 


1 0TCLCL-1 33 


ns 



SERIAL PORT (I/O EXPANSION MODE) 



MACHINE CYCLE | | 1 | 2 | 3 | 



5 I 6 I 7 I 8 I 



^_JT_JLJ1_J1JLJTJ1JXJ1_JXJXJXJ1JLJT_^^ 



|-«-TXLXL-^| 



TQVXH I-. 



|-^TXHQX 



OUTPUT DATA 



T-^-x— r-x -^- Y-7-\-7 X s x-r-y-T-7 



I 1 

WRITE loSBUF ^X" PV — I"* |-TXHDX ^^^,_^^_^,_,^,_^ -_„ -.^-_, 

IT DATA 2IIIZZZZID®CI)^i3CID^3CZDS3CD 



I I 

t 

CLEAR R1 
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CYCLE 



STEP 



XTAL 1 ■• 

ALE 



PSEN 



RD/WR 



PORT-0 



-Ml . 



Sj I S2 I S3 , S4 I S5_ I S6 



-I 1- 

I I 



- fpcH - 



J L 



S1 S2 , S3 , S4 , S5 S6 



I ' I 



CPU— PORT ^ "" 
0- 



PCH I PCH 



J L 



PORT-CPU 0. 



PORT OLD DATA 



\ ^ r 

instruction decbrding 



|PC+i; 



I ! 



I I 



I I 




&Rr 



S1 , S2 , S3 S4 , S5 , S6 



intinlmtui|ui|ui uiimtui|m|m|m uihnjuilmtuit^ 



TlT 



1—1 ACC&RAM I— |PCL|- 
' ' ' I 1 I ' ■ ' ■ ' 



J I \ L 



SI , S2 , S3 , S4 S5 , S6 



u 



T — !- 



DPH a PORT DATA 

-I — \ r 



J L 



PORT NEW DATA 



Instruction execution 



Instruction execution 



1 — r 

I I 



TM+1 



I 

I I I 

i I I 

I I I 




CD 

> 

o 

H 

Z 


o 

z 
> 

30 



O 

o 

I 

m 

"Tl 

O 

30 

3 

(0 



(0 

Od 

o 
o 

CO 



00 

o 
o 
(J1 
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EXTERNAL PROGRAM MEMORY FETCH 



XTAL1 



:_iiimiiimmmiMmuMmim 



PSEN 



PORTO 



-M1- 




PCL 
OUT 



INST IN 



PCH OUT 



PCH OUT 



-Ml orM2 - 



SI 



S3 



S4 



S5 , S6 



I I 

INST IN ' 



IPCL I B PpCl" 

OUT ■ OUT 




PCL 
OUT 



I I 

J ,—L 



PCH OUT 



S1 



INST IN 



PCH OUT 



PCH OUT 



READ CYCLE 1 (MOVX A, @Rr) 



ALE 



PSEN 



.^MMimMjiluiMyaMm 



SI I S2 , S3 I S4 S5 , S6 



I I 



INST IN 



rr 



I 



PCL 
OUT 

I 



4--r 

1 1. 



Rr 
OUT 



S3 



S5 



S6 



RAM DATA IN 



i--t--r- 

inst'in 



EXTRAM DATA 




PCL 
OUT 



PORT 2 



PCH OUT 



PORT 2 LATCH DATA OUT 



S1 




PCH OUT 
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READ CYCLE 2 (MOVX A, @DPTR) 



pSeFT 



RD 



PORTO 



PORT 2 





Ml ^ 

S1 1 S2 1 S3 1 S4 1 S5 1 S6 


SI 1 S2 J 


M2 

S3 1 S4 1 S5 


S6 


S1 1 


1 



1 


■f 


' 


n 


' 


' 


_,, ,l- _,- 

! 1 ' 
1 1 

1 1 

1 1 


" 




U L 










i 

1 




1 1 
1 ' 










1 




! 1 




1 1 
! 1 


1 

1 1 

1 1 








1 1 
1 1 
1 1 










1 1 1 
1 1 1 

f--f--t-- 

1 1 
INSTJN j 1 


Fd 






! 1 




-- 

IN 




UT 


> i 1 

1 RAM DATA IN | 


INST 




■ 


:l 


EXT RAM 
DATA- 


■ ! PCL 

1 1 


■ . 





JT 





m 




1 ' 

1 1 ! 


1 
1 
1 


1 1 
1 1 
1 1 


1 

1 


PCHOUT PCHOUT DPHOUT PCHOUT 



WRITE CYCLE 1 (MOVX, @Rr, A) 



ALE 



PSEN 



WR 



PORTO 



PORT 2 



1 

- 
1 

- 
1 

- 

1 - 
0- 
1 




mm"ui 



S1 I S2 I S3 I S4 I S5 I S6 

' — *r — *r — *t- — T* — *r" — ' 



ammmuimmuimmi 



i 



INST IN 



-I-- 







PCL 
OUT 



Rr 
OUT 



S1 I S2 



S3 I S4 I S5 I S6 

—^ — -r — -r-" 



4- 



I I 

■r--r-- 
I I 



ACC DATA OUT 



PCH OUT 



PCL 
OUT 



PORT 2 LATCH DATA OUT 



S1 



I 
I 

"~T" 

INST IN 




PCHOUT 
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WRITE CYCLE 2 (MOVX A, @DPTR, A) 



XTAL1 



ALE 



_inJiiim»mmRMiimmmmi 



wr 



PORTO 







SI I S2 I S3 I S4 I S5 I S6 



I I 



-t I 



INST IN 




PCL 
OUT 



DPL 
OUT 



SI I S2 I S3 I S4 I S5 I S6 
I -Y" »^ ..j- w^ »t* 



ACC DATA OUT 



PCH OUT 



PCL 
OUT 



S1 ! 



I 
I 
1._ 

I 
INST IN 




PCH OUT 



PORT OPERATION 



-liiuimmmmmmmwLmmi 



PORT 0,1,2,3, 
PIN DATA 



CPU DATA 



SI I S2 I S3 I S4 

' — T — n^ — n^ — ' 



S5 



S6 



1 T 1 
PIN DATA STABLE 



n 



SI I S2 I S3 I S4 I S5 I S6 



T — n^ 



I I 



-+— 
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INSTRUCTION SET DETAILS 












Mnemonic 


Instruction Code 


Hex3- 
decim3l 


Byte 


Cycle 


Expl3n3tion 




D? De Ds D4 Da Dz Di Do 




ADDA,Rn 


1 1 n2 m no 


28~2F 


1 




(A)«-(A)+(Rn) 




ADD A, direct 


10 10 1 
37 ae as a4 as a2 ai ao 


26 
Byte 2 


2 




(A) - (A) + (direct) 




ADDA, @Ri 


10 111 


26-27 


1 




(A)*-(A)+((Ri)) 




ADDA,#data 


10 10 
d/ de ds d4 da 62 di do 


24 
Byte 2 


2 




(A)-(A)+#d3ta 




ADDCA,Rn 


1 1 1 na m no 


38-3F 


1 




(A)-(A)+(C)+(Rn) 




ADDC A, direct 


110 10 1 

37 ae as 34 33 32 3i 3o 


36 
Byte 2 


2 




{A)-(A)+(C)+(direct) 




ADDCA,@Ri 


110 111 


36-37 


1 




(A)-(A).+ (C)+((Ri)) 




ADDCA,#data 


1 10 10 
d7 de ds d4 da 62 di do 


34 
Byte 2 


2 




(A)-(A)+(C)+#d3t3 




SUBBA,Rn 


1 1 1 n2 m no 


98~9F 


1 




(A)-(A)-((C)+(Rn)) 




SUBB A, direct 


10 10 10 1 

37 36 35 34 33 32 31 3o 


96 
Byte 2 


2 




(A) -(A)- ((C) + (direct)) 


</) 


SUBBA, @RI 


10 10 1 11 


96-97 


1 




(A)*-(A)-((C) + ((Ri))) 


S 

1 


SUBBA,#data 


10 10 10 

d7 de ds d4 ds d2 di do 


94 
Byte 2 


2 




(A)-(A)~((C)+#d3t3) 


o 


INC A 


10 


04 


1 




(A)-(A) + 1 


E 


INCRn 


1 n2 m no 


08 -OF 


1 




(Rn)— (Rn) + 1 


1 


INC direct 


10 1 

37 3e 35 34 33 32 3i 3o 


06 
Byte 2 


2 




(direct) — (direct) + 1 




INC @RI 


111 


06-07 


1 




((Ri))-((Ri)) + 1 




INC DPTR 


10 10 11 


A3 


1 




(DPTR)- (DPTR) + 1 




DEC A 


10 10 


14 


1 




(A)-(A)-1 




DECRn 


1 1 n2 m no 


18-1F 


1 




(Rn)— (Rn)-1 




DEC direct 


10 10 1 

37 36 3s 34 33 32 31 3o 


16 


2 




(direct) — (direct) -1 




DEC @Ri 


10 111 


16-17 


1 




((Ri)-((Ri))-1 ' 




MULAB 


10 10 10 


A4 


1 




(Bis-8).(A7-o)-(A)x(B) 




DIVAB 


10 10 


84 


1 


4 


(Ai5-a),(B7-o)-(A)/(B) 




DA A 


110 10 10 


D4 


1 


1 


Contents of Accumulstor 3re BCD. 
IF[l(A3-o)>9]or[(AC) = 1]] 

THEN(A3-o)-(A3-o)+6 
AND 
IF [[(A7 - 4) > 9] OR [(C) = 111 

THEN(A7-4)— (A7-4)+6 




ANLA.Rn 


1 1 1 nam no 


68-6F 


1 


1 


(A)-(A)AND(Rn) 


CO 


ANL A, direct 


10 10 10 1 
37 36 3s 34 33 32 31 30 


66 
Byte 2 


2 


1 


(A)— (A) AND (direct) 


8-1 
a CO 


ANLA, @Ri 


10 10 111 


66-67 


1 


1 


(A)-(A)AND((Ri)) 


-J Q. 
O 


ANLA,#data 


10 10 10 

d7 de ds d4 da d2 di do 


64 
Byte 2 


2 


1 


(A)— (A)AND#d3t3 
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INSTRUCTION SET DETAILS (CONT.) 












Mnemonic 


Instruction Code 


Hex3- 
decim3l 


Byte 


Cycle 


Expl3n3tion 




Dt De Ds 


D4 


Da D2 


Di 


Do 




ANL direct, A 


1 

a7 ae as 


1 
a* 




33 32 


1 

31 




30 


52 
Byte 2 


2 


1 


(direct) -(direct) AND (A) 




ANL direct, 
#data 


1 
a? ae as 
dz de ds 


1 

a4 
d4 




33 32 
d3 d2 


1 
31 

di 


1 
30 

do 


53 
Byte 2 
Byte 3 


3 


2 


(direct) — (direct) AND #d3t3 




ORLA.Rn 


1 





1 n2 


m 


no 


48-4F 


1 


1 


(A)-(A)OR(Rn) 




ORL A, direct 


1 

a? ae as 



a4 


1 

33 32 




31 


1 

30 


46 
Byte 2 


2 


1 


(A)— (A) OR (direct) 




ORLA. @Ri 


1 





1 


1 


1 


46-47 


1 


1 


(A)-(A)OR((Ri)) 




ORLA,#data 


1 
d7 de ds 



d4 


1 
ds d2 



di 



do 


44 
Byte 2 


2 


1 


(A)— (A)OR#d3t3 




ORL direct. A 


1 
ar ae as 



a4 




33 32 


1 

31 




30 


42 
Byte 2 


2 


1 


(direct) -(direct) OR <A) 




ORL direct, 
#data 


1 
37 ae as 
d7 de ds 




34 
d4 




33 32 
d3 d2 


1 

3i 

di 


1 

30 

do 


43 
Byte 2 
Byte 3 


3 


2 


(direct) — (direct) OR #d3t3 




XRL A, Rn 


1 1 





1 n2 


ni 


no 


68~6F 


1 


1 


(A)-(A)XOR(Rn) 




XRL A, direct 


1 1 

a7 ae as 




34 


1 

33 32 




31 


1 

3o 


65 
Byte 2 


2 


1 


(A)-(A)XOR(direct) 




XRLA, @Ri 


11 





1 


1 


1 


66-67 


1 


1 


(A)-(A)XOR((RI)) 




XRLA,#data 


1 1 
d7 de ds 



d4 


1 

d3 d2 



di 



do 


64 
Byte 2 


2 


1 


(A)-(A)XOR#d3t3 


§ 

■{3 


XRL direct, A 


1 1 
a7 ae as 




34 




33 32 


1 

31 




30 


62 
Byte 2 


2 


1 


(direct) — (direct) XOR (A) 


1 


XRL direct, 
#data 


1 1 
a7 ae as 
d7 de ds 




34 
d4 




33 32 

da d2 


1 

31 


1 

30 

do 


63 
Byte 2 
Byte 3 


3 


2 


(direct) — (direct) XOR #d3t3 


3 


CLRA 


1 1 1 





1 








E4 


1 


1 


(A)-0 




CPLA 


1 1 1 


1 


1 








F4 


1 


1 


(A) -(A) 




RLA 


1 








1 


1 


23 


1 


1 






1 1 1 




HA7|Ae|A5|A4|A3|A2|Ai |Ao(— ' 

The contents of the 3CCumul3tor 
3re rot3ted left by one bit. 




RLCA 


1 


1 





1 


1 


33 


1 


1 






1 1 




H C HA7 lAe IAs |A4 lAa |A2 |Ai (AoH 
The contents of the 3ccumul3tor 
3nd C3rry are rotated left by one bit. 




RRA 


\ 









1 


1 


03 


1 


1 






1 1 




H A7 1 Ae 1 As 1 A4 1 A3 1 A2 1 A 1 1 Ao H 

The contents of the 3Ccumul3tor 
are rot3ted right by one bit. 




RRCA 





1 





1 


1 


13 


1 


1 










H c>|A7 |A6 Ias |A4 |A3 |A2 |Ai | Ao|-^ 

The contents of the accumul3tor 
3nd C3rry 3re rotated right by one 
bit. 




SWAP A 


1 1 





1 








C4 


1 


1 


(A3~o)r:(A7~4) 
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INSTRUCTION SET DETAILS (CONT.) 





Mnemonic 


Instruction Code 


Hexa- 
decimal 


Byte 


Cycle 


Explanation 




D7 De 


De 


D4 


Da 


D2 


Di 


Do 




MOVA.Rn 


1 1 


1 





1 


m 


ni 


no 


E8~EF 


1 


1 


(A)-(Rn) 




MOV A, direct 


1 1 
a/ ae 


1 
as 



a4 




as 


1 
as 



ai 


1 

ao 


E5 
Byte 2 


2 


1 


(A) —(direct) 




MOVA, @Ri 


1 1 


1 








1 


1 


1 


E6~E7 


1 


1 


(A)-((Ri)) 




MOVA,#data 


1 
d7 de 


1 
ds 


1 
d4 



da 


1 
d2 



di 



do 


74 
Byte 2 


2 


1 


{A)*-#data 




MOVRn.A 


1 1 


1 


1 


1 


n2 


hi 


no 


F8~FF 


1 


1 


{Rn)-(A) 




MOV Rn, direct 


1 
a/ ae 


1 
as 



a4 


1 
as 


n2 
a2 


ni 

ai 


no 

ao 


A8~AF 
Byte 2 


2 


2 


(Rn)— (direct) 




MOVRn,#data 


1 
d7 de 


1 
ds 


1 
d4 


1 
da 


d2 


ni 
di 


no 
do 


78~7F 
Byte 2 


2 


1 


(Rn)— #data 




MOV direct, A 


1 1 

a? ae 


1 
as 


1 
a4 




aa 


1 
a2 



ai 


1 
ao 


F5 
Byte 2 


2 


1 


(direct)— (A) 




MOV direct, Rn 


1 

a? ae 




as 



a4 


1 

aa 


n2 
a2 


ni 
ai 


no 
ao 


88~8F 
Byte 2 


2 


2 


(direct)— (Rn) 




MOV direct 1, 
direct 2 


1 

a? ai 
a) a^ 



ai 

a^ 




ai 




a§ 
ai 


1 

ai 
a^ 




a^ 
al 


1 

a§ 
ah 


85 
Byte 2 
Byte 3 


3 


2 


(direct D— (direct 2) 


1 


MOV direct, @Ri 


1 
a/ ae 




as 



a4 




aa 


1 
a2 


1 

ai 


1 

ao 


86-87 
Byte 2 


2 


2 


(direct) -((Ri)) 


2 


MOV direct, 
#data 


1 
a? ae 
d7 de 


1 

as 
ds 


1 

a4 
d4 



aa 

da 


1 

a2 
d2 




ai 
di 


1 

ao 
do 


76 
Byte 2 
Byte 3 


3 


2 


(direct)— #data 




MOV@Ri,A 


1 1 


1 


1 





1 


1 


1 


F6~F7 


1 


1 


((Ri))-A 




MOV @Ri, direct 


1 

a? ae 


1 
as 



a4 




aa 


1 
a2 


1 

ai 


1 
ao 


A6~-A7 
Byte 2 


2 


2 


((Ri))- (direct) 




MOV @Ri, #data 


1 

dr de 


1 
ds 


1 
d4 



da 


1 
d2 


1 
di 


1 
do 


76-77 
Byte 2 


2 


1 


((Ri))-#data 




MOVDPTR, 
#data16 


1 
di5 di4 
d7 de 




di3 
ds 


1 

di2 
d4 




dii 

da 




dio 
d2 



d9 
di 



ds 
do 


90 
Byte 2 
Byte 3 


3 


2 


(DPTR)— #dataie 




MOVCA,@A+ 
DPTR 


1 





1 








1 


1 


93 




2 


(A)-((A)+(DPTR)) 




MOVCA, @A+PC 


1 














1 


1 


83 




2 


(PC) - (PC) + 1 , (A) - ((A) + (PC)) 




MOVXA,@Ri 


1 1 


1 











1 


1 


E2-E3 




2 


(A)— ((Ri)) External RAM 




MOVX A, @DPTR 


1 1 


1 

















EO 




2 


(A)— ((DPTR)) External RAM 




MOVX@Ri,A 


1 1 


1 


1 








1 


1 


F2~F3 




2 


((Ri))— (A) External RAM 




MOVX @DPTR, A 


1 1 


1 


1 














FO 




2 


((DPTR)) — (A) External RAM 




PUSH direct 


1 1 

a? ae 



as 



a4 




aa 



a2 




ai 




ao 


CO 
Byte 2 


2 


2 


(SP)-(SP)+1 
((SP)) -(direct) 




POP direct 


1 1 
a? ae 



as 


1 
a4 




aa 



a2 




ai 




ao 


DO 
Byte 2 


2 


2 


((Jirect)-((SP)) 
(SP) — (SP)-1 




XCHA,Rn 


1 1 








1 


n2 


m 


no 


C8~CF 


1 


1 


(A)r:(Rn) 




XCH A, direct 


1 1 

a? ae 



as 



a4 




aa 


1 
a2 




ai 


1 

ao 


C5 
Byte 2 


2 


1 


(A) r (direct) 
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INSTRUCTION SET DETAILS (CONT.) 





Mnemonic 


Instruction Code 


Hexa- 
decimal 


Byte 


Cycle 


Explanation 




D7 De Ds D4 Da D2 Di Do 


CO "2 


XCHA, @Ri 


110 111 


C6~C7 


1 




(A)r:((RI)) 


II 


XCHDA, @Ri 


110 10 111 


D6~D7 


1 




(As~o)r:((Ri3~o)) 




CLRC 


110 11 


C3 


1 




(C)-0 




CLRbit 


11 1 
b? be bs b4 ba b2 bi bo 


C2 
Byte 2 


2 




(bit)-O 




SETBC 


110 10 11 


D3 


1 




(C)-1 


c 


SETBbit 


110 10 10 
br be bs b4 bs b2 bi bo 


D2 
Byte 2 


2 




(bit)-1 


.9 


CPLC 


10 110 11 


B3 


1 




(C)-(C) 


1 

E 


CPLbit 


10 110 10 
br be bs b4 bs b2 bi bo 


B2 
Byte 2 


2 




(bit) -(TO 


n 
eg 


ANLC.bit 


10 10 
b7 be bs b4 bs b2 bi bo 


82 
Byte 2 


2 


2 


(C) -(C) AND (bit) 


> 


ANLC./bIt 


10 110 
br be bs b4 ba b2 bi bo 


BO 
Byte 2 


2 


2 


(C) -(C) AND (TO 


ORLC.bit 


1110 10 
br be bs b4 bs b2 bi bo 


72 
Byte 2 


2 


2 


(C) -(C) OR (bit) 




ORLC./bit 


10 10 
br be bs b4 bs b2 bi bo 


AO 
Byte 2 


2 


2 


(C) -(C) OR (TO 




MOV C, bit 


10 10 10 
br be bs b4 bs b2 bi bo 


A2 
Byte 2 


2 


1 


(C)-(blt) 




MOV bit. C 


10 10 10 
br be bs b4 bs b2 bi bo 


92 
Byte 2 


2 


2 


(bit) -(C) 




ACALLaddrn 


aio ag as 1 1 
ar ae as a4 as a2 ai ao 


Bytel 
Byte 2 


2 


2 


(PC) -(PC) +2 
(SP)— (SP)+1 
((SP))-(PCr~o) 
(SP)-(SP)+1 

((SP))-(PClS~8) 

(PC)— page address 


C3) 

C 


LCALLaddr16 


10 10 
ais ai4 ais ai2 an aio as as 
ar ae as a4 as aa ai ao 


12 
Byte 2 
Bytes 


3 


2 


(PC)— (PC) +3 
(SP)— (SP) + 1 
((SP))-(PCr~o) 
(SP)— (SP) + 1 

((SP))-(PCl5~8) 

(PC)— addris~p 


1 


RET 


10 10 


22 


1 


2 


(PCl5~8)-((SP)) 

(SP)-(SP)-1 

(PCr~o)-((SP)) 

(SP)-(SP)-1 


Q. 


RETI 


110 10 


32 


1 


2 


(PClS~8)-((SP)) 

(SP)-(SP)-1 
(PCr~o)-((SP)) 
(SP)— (SP)-1 




AJMPaddrn 


aio ag as 1 
ar ae as a4 as a2 ai ao 


Bytel 
Byte 2 


2 


2 


(PC)— (PC) +2 

(PC 10 ~ 0) — page add ress 




LJMPaddr16 


1 

ais ai4 ais ai2 an aio as ae 
ar ae as a4 as a2 ai ao 


02 
Byte 2 
Byte 3 


3 


2 


(PC)-addri5~o 
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INSTRUCTION SET DETAILS (CONT) 












Mnemonic 


Instruction Code 


Hexa- 
decimal 


Byte 


Cycle 


Explanation 




D7 


De 


Ds 


D4 


Da 


D2 


Di Do 




SJMPrel 


1 




re 



rs 






ra 




X2 



ri ro 


80 
Byte 2 


2 


2 


(PC) -(PC) +2 
(PC)*-(PC)+rel 




JMP@A+DPTR 





1 


1 


1 








1 1 


73 


1 


2 


(PC)-(A)+(DPTR) 




JZrel 





1 

re 


1 
rs 




Xa 




ra 




X2 




ri ro 


60 

Byte 

■ 


2 


2 


(PC) -(PC) +2 

IF (A) = THEN (PC) — (PC) + rel 




JNZrel 





1 
re 


1 
rs 


1 

Xa 



ra 




X2 




ri To 


70 
Byte 2 


2 


2 


(PC) -(PC) +2 

IF (A) ^ THEN (PC) - (PC) + rel 




JCrel 




'r7 


1 

re 




rs 



Xa 



ra 




X2 




ri ro 


40 

Byte 2 

■ 


2 


2 


(PC) -(PC) +2 

IF (C) ^ 1 THEN (PC) - (PC) + rel 




JNCrel 




rz 


1 

re 



rs 


1 

Xa 



ra 



X2 



ri ro 


50 
Byte 2 


2 


2 


(PC) -(PC) +2 

IF (C) ^ THEN (PC) — (PC) + rel 




JB bit, rel 



b7 

r? 



be 
re 


1 

bs 

rs 



b4 
Xa 



ba 
ra 



b2 

X2 



bi bo 
ri ro 


20 
Byte 2 
Byte 3 


3 


2 


(PC) -(PC) +3 

IF (bit) = 1 THEN (PC) — (PC) + rel 




JNBblt,rei 



b7 

r7 



be 
re 


1 

bs 

rs 


1 

b4 
r4 



ba 
ra 



b2 
r2 



bi bo 
ri ro 


30 
Byte 2 
Byte 3 


3 


2 


(PC)— (PC) +3 

IF (bit) = THEN (PC) - (PC) + rel 




JBCbitrei 



b7 
r7 



be 
re 



bs 

rs 


1 

b4 

r4 



ba 

ra 



b2 
r2 




bi bo 
n ro 


10 
Byte 2 
Byte 3 


3 


2 


(PC) -(PC) +3 

IF (bit) = 1 THEN (bit) —0 

(PC)— (PC) + rel 


c 
.E 
o 

c 
to 

n 

E 

qI 


CJNE A, direct, 
rel 


1 

a7 
r7 



ae 
re 


1 

as 
rs 


1 

a4 
r4 



aa 
ra 


1 

a2 
r2 


1 

ai ao 
n ro 


B5 
Byte 2 
Byte 3 


3 


2 


(PC)— (PC) +3 

IF (direct) < (A) THEN (PC) — (PC) 

+ reland(C)— 
IF (direct) > (A) THEN (PC) - (PC) 

+ rel and (C) — 1 


CJNEA,#data, 
rel 


1 

d7 
r7 



de 

re 


1 

ds 

rs 


1 

d4 

r4 



da 
ra 


1 

d2 

r2 



di do 

n ro 


B4 
Byte 2 
Byte 3 


3 


2 


(PC)— (PC) +3 
IF#data<(A) 

THEN (PC)— (PC) + rel and 

(C)-0 
IF #data> (A) THEN (PC) - (PC) + 

reland(C)— 1 




CJNE Rn, #data, 
rel 


1 

d7 
r7 



de 
re 


1 

ds 
rs 


1 

d4 

r4 


1 

da 
ra 


n2 
d2 

r2 


ni no 
di do 
n ro 


B8~BF 
Byte 2 
Byte 3 


3 


2 


(PC) -(PC) +3 

IF #data < (Rn) THEN (PC) — (PC) 

+ reland(C)— 
IF #data> (Rn) THEN (PC) — (PC) 

+ rel and (C) — 1 




CJNE @Ri, 
#data, rel 


1 

d7 
r7 



de 

re 


1 
ds 

rs 


1 

d4 
r4 



da 
ra 


1 

d2 
r2 


1 1 
di do 

n ro 


B6~B7 
Byte 2 
Byte 3 


3 


2 


(PC)— (PC) +3 
IF#data<((Ri))THEN(PC)- 

(PC)+reland(C)-0 
IF #data> ((Ri)) THEN (PC) — 

(PC)+reland(C)— 1 




DJNZRn,rel 


1 
r7 


1 

re 




rs 


1 
r4 


1 

ra 


n2 
r2 


ni no 

n ro 


D8~DF 
Byte 2 


2 


2 


(PC)— (PC) +2 
(Rn)— (Rn)-1 
IF (Rn) ¥ THEN (PC) — (PC) + rel 




DJNZ direct, rel 


1 

a7 
r7 


1 

ae 
re 



as 
rs 


1 

a4 
r4 



aa 
ra 


1 

32 

r2 


o' 1 

ai ao 
n ro 


D5 
Byte 2 
Byte 3 


3 


2 


(PC) -(PC) +3 
(direct)- (direct) -1 
IF (direct) ^ THEN (PC) - (PC) 
+ rel 




NOP 























00 


1 


1 


(PC)-(PC) + 1 
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NOTES ON THE INSTRUCTION SET AND THE ADDRESSING MODES 



Rn 



direct 



@Ri 



#data 

#data16 

addr16 



addr 1 1 - 



rel 



bit 



- Register R7-R0 of the currently 
selected Register Bank. 

- 8-bit internal data location's address. 
This could be an Internal Data RAM 
location (0 - 1 27) or a SFR [i.e., I/O 
port, control register, status register, 
etc. (128 -255)]. 

- 8-bit internal data RAM location (0 - 
255) addressed indirectly through 
register R1 orRO. 

" 8-bit constant included in instruction. 

- 1 6-bit constant included in instruction. 

- 1 6-bit destination address. Used by 
LCALL & LJMP. A branch can be 
anywhere within the 64K-byte 
Program Memory address space. 
1 1 -bit destination address. Used by 
ACALL & AJMP. The branch will be 
within the same 2K-byte page of 
program memory as the first byte of 
the following Instruction. 

Signed (two's complement) 8-bit offset 

byte. Used by SJMP and all conditional 

jumps. Range is -1 28 to +1 27 bytes 

relative to first byte of the following 

instruction. 

Direct Addressed bit in Internal Data 

RAM or Special Function Register. 




INSTRUCTIONS THAT AFFECT FLAG SETTINGS ^ 



INSTRUCTION FLAG 



INSTRUCTION FLAG 



OVAC 



C OVAC 



ADD 

ADDC 

SUBB 

MUL 

DIV 

DA 

RRC 

PLC 

SETBC 



X__X_J< 

q_x 

9_JL_ 

x^^ 

X 

X 



CLRC 
CPLC 
ANL C. bit 
ANL C,/bit 
ORL 0, bit 
ORL 0, /bit 
MOV C. bit 
CJNE 



O 
X 
X 
X 
X 
X 
X 
X 



^ Note that operations on SFR byte address 208 or bit 
addresses 208-215 (i.e.. the PSW or bits in the PSW) will 
also affect flag settings. 
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APPLICATION EXAMPLES 



+5V 
40 



-IOdf T ^18^ 



JT 



8.2K 



+5V- 



10/uf 



31 , 



I/O 



20 



+5V 
|24 



^CC 



^ss 



XTAL2 



RESET 



MSM80C51F 



EA 

P3.0 (RXD) 
P3.1 ( TXD) 
P3.2 ( INTO ) 
P3.3(INT1) 
P3.4 (TO) 
P3.5 (T1_) 
P3.6 (WR) 
P3.7 (RD) 



ALE PSEN 



P1.0 
P1.1 
PI .2 
PI. 3 
PI .4 
PI .5 
PI. 6 
PI. 7 

P2.0 
P2.1 
P2.2 
P2.3 
P2.4 
P2.5 
P2.6 
P2.7 

PO.O 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 



>\/0 



10 



6 



12 "=• 



^CC 



GND 



P40 
P41 
P42 
P43 

PSO 

P51 

MSM82C43 P52 

I/O P53 



P20 
P21 
P22 
P23 

PROG 

CS 



EXPANDER 



P60 
P61 
P62 
P63 

P70 
P71 
P72 
P73 



>l/0 



I/O 



30 



29 



The following software driver Is required to interface to the 82C43 

Mixing Parallel Output, Input, and 
Control Strobes on Port 2. 



IN82C43 



IN82C43 



INPUT DATA FROM AN 82043 I/O EXPANDER 

CONNECT TO P23-P20 

P25 & P24 MIMIC OS/ & PROG 

P27-P26 USED AS INPUTS 

PORT TO BE READ IN ACC 

MOV A, #110100006 

MOV P2,A iOUTPUT INSTRUCTION CODE 

CLR P2.4 ;FALLING EDGE OF PROG 

ORL P2,#00001111B ;SET FOR INPUT 

MOV A,P2 ;READ INPUT DATA 

SETS P2.4 ;RETURN PROG HIGH 







Address 






Instruction 


P21 


P20 


Code 


P23 


P22 


Code 








Port 4 








Read 





1 


Ports 





1 


Write 


1 





Porte 


1 





ORLD 


1 


1 


Port? 


1 


1 


ANLD 



I/O Expansion Using an 82C43 
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APPLICATION EXAMPLES (CONT.) 




+5V 



40 



lOpF::^ I 



8.2 K 




10 



11 



l/0< 



ZL 



20 



vcc Vss 



XTAL2 



RESET 



MSM80C51F 



EA 

P3.0 (RXD) 
P3.1 ( TXD) 
P3.2 ( INTO ) 
PS.SdNTl) 
P3.4 (TO) 
P3.5 (T1] 
P3.6 (WR) 
P3.7 (RD) 



ALE 



PSEN 



P1.0 
P1.1 
P1.2 
PI .3 
PI .4 
P1.5 
PI .6 
PI .7 

P2.0 
P2.1 
P2.2 
P2.3 
P2.4 
P2.5 
P2.6 
P2.7 

PO.O 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 



30 



29 



I/O 



I/O 



Multiple 80C51 F's Using Half- Duplex Serial Communication 
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APPLICATION EXAMPLES (CONT.) 



lOpFrM. 



18 



Ji 



XTALl ^^ ** P1.0 

P1.1 
PI .2 
PI .3 
PI .4 

XTAL2 P^-S 

PI .6 
PI .7 

P2.0 

RESET ^^^ 

MSM80C51F P2.3 

P2.4 

P2.5 

P2.6 

EA P2.7 

P3.0 (RXD) 
P3.1 ITXD) 
P3.2 (INTO) 
P3.3 (INT1) 
P3.4 (TO) 
P3.5(T1) 
P3.6 (WR) 
P3.7(RD)., 



P0.1 
P0.2 
P0.3 
P0.4 
PO.S 
P0.6 
P0.7 



"F" 



ti: 



■^ r 



CAN BE SUPPLIED BY SYSTEM RESET 
OR PORT LINE OF 80C51 



+5V 
I 40 



GND 
I20 



ADO 
AD1 
ADZ 
AD3 
A04 
A05 
AD6 
AD7 



PAO 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PA7 



IE 
26 



MSM81C56 



PCO 
PCI 
PC2 
PC3 
PC4 
PC5 



resetTimer 

OUT 



PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 



31 
■ 32 



Adding a Data Memory and I/O Expander 



OPEN 

COLLECTOR 

INVERTERS 



cJ: 



DEVICE 
2 



DEVICE 
3 



>- 



>- 



lOpFi: X 




I -TT 



"Is 



** PI.0 
P1.1 

P1.2 
PI .3 
PI. 4 
P1.5 
PI .6 
PI. 7 

P2.0 
P2.1 
P2.2 

MSM80C51F P2.3 

P2.4 

P2.5 

__ P2.6 

EA P2.7 



RESET 



P3.0 (RXD) 
P3.1 (TXD) 
P3.2 ( INTO ) 
P3.3(INT1) 
P3.4 (TO) 
P3.5 (Tl] 
P3.6 (WR) 
P3.7(RD)., 



PO.O 
PO.l 
P0.2 
P0.3 
P0.4 
P0.S 
PO.6 
P0.7 



Multiple Interrupt Sources 
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MSM80C31/MSM80C51 INSTRUCTION CODES 



H ^\^ 



0000 


1 
0001 


2 
0010 


3 
0011 


4 
0100 


5 
0101 


6 
0110 


7 
0111 



0000 


NOP 


AJMP 
address 1 1 
. (PageO) 


LJMP "^ 
address 1 6 


RRA 


INC A 


INC 
direct 


INC @R0 


INC @R1 


1 

0001 


JBCbit, 
rel 


^ ACALL 
address 1 1 
. (PageO) 


LCALL "^ 
address 1 6 


RRCA 


DEC A 


DEC 
direct 


DEC @R0 


DEC @R1 


2 
0010 


JBbit, 
rel 


^ AJMP 
address 1 1 
. (Pagel) 


RET 


RLA 


V 

#data 


ADDA, 
direct 


ADDA, 
@R0 


ADDA, 
@R1 


3 
0011 


JNBbit, 
rel 


* ACALL 
address 1 1 
(Pagel) 


RETI 


RLCA 


r 

mDDCA, 
#data 


ADDCA, 
direct 


ADDCA, 
@R0 


ADDCA, 
@R1 


4 
0100 


JC bit. 
rel 


^ AJMP 

address 1 1 
. (Page 2) 


ORL 
direct. A 


ORL ^ 

direct, 
^ #data 


r 

ORL A, 

#data 


ORL A, 
direct 


ORL A, 
@R0 


ORL A, 
@R1 


5 
0101 


JNCrel 


* ACALL 
address 1 1 
. (Page 2) 


ANL 
direct. A 


ANL "^ 
direct. 
^ #data 


r 

ANL A, 
#data 


ANL A, 
direct 


ANL A, 
@R0 


ANL A, 
@R1 


6 
0110 


JZrel 


^ AJMP 
address 1 1 
^ (Pages) 


XRL 
direct, A 


XRL "^ 
direct, 
^ #data 


r 

XRL A, 
#data 


XRL A. 
direct 


XRL A, 
@R0 


XRL A, 
@R1 


7 
0111 


^ ^ ACALL 

JNZrel address 11 
^ ^ (Pages) 


ORLC. 
bit 


JMP 
@A+DPTR 


r 

MOV A, 
#data 


MOV ^ 
direct. 
^ #data I 


r 

MOV @R0, 
#data 


r 

MOV @R1 , 
#data 


8 
1000 


SJMP rel 


^ AJMP 
address 1 1 
. (Page 4) 


ANLC. 
bit 


MOVC A, 
@A+PC 


DIVAB 

A 


MOV "^ 
direct 1 . 
^ direct2 


^ MOV 

direct. 

^ @R0 


^ MOV 
direct, 
^ @R1 


9 
1001 


MOVDPTR, 
#data16 


" ACALL 
address 1 1 
. (Page 4) 


MOV bit, 
C 


MOVC A, 
@A+DPTR 


r 

SUBBA. 
#data 


SUBBA. 
direct 


SUBBA. 
@R0 


SUBBA, 
@R1 


A 
1010 


ORLC/bIt 


^ AJMP 
address 1 1 
. (Pages) 


MOVC, 
bit 


INCDPTR 


MULAB 

A 




r 

MOV @R0, 
direct 


V 

M0V@R1, 
direct 


B 
1011 


ANLC/bit 


^ ACALL 
address 1 1 
. (Pages) 


CPL bit 


CPLC 


CJNEA."^ 
#data. 
^ rel 


CJNEA,"^ 
direct*. 

L ^^' 


CJNE @r6? 

#data, 
K rel 


CJNE@R1, 

#data, 
L rel 


C 

1100 


PUSH 
direct 


^ AJMP 
address 1 1 
. (Page 6) 


CLR bit 


CLRC 


SWAP A 


r 

XCHA. 
direct 


XCHA, 
@R0 


XCHA, 
@R1 


D 
1101 


POP 
direct 


^ ACALL 
address 1 1 
. (Page 6) 


SETBbit 


SETBC 


DA A 


DJNZ "^ 
direct. 
. rel 


XCHDA, 
@R0 


XCHDA, 
@R1 


E 
1110 


MOVXA, 
@DPTR 


" AJMP 
address 1 1 
(page 7) 


MOVXA. 
@R0 


MOVXA, 
@R1 


CLR A 


r 

MOV A. 
direct 


MOV A, 
@R0 


MOV A, 
@R1 


F 
1111 


MOVX 
@DPTR, A 


" ACALL 
address 1 1 
^ (page 7) 


MOVX 
@RO,A 


MOVX 
@R1,A 


CPL A 


r 

MOV 
direct, A 


MOV 
@RO,A 


MOV 
@R1,A 



2 BYTE 
2 CYCLE 



MNEMONIC 



3 BYTE 
4 CYCLE 
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D 



8 
1000 


9 
1001 


A 
1010 


B 
1011 


C 
1100 


D 
1101 


E 
1110 


F 
1111 


INCRO 


INCR1 


INCR2 


INCR3 


INCR4 


INCR6 


INCR6 


INCR7 


DECRO 


DECR1 


DECR2 


DECR3 


DECR4 


DECR6 


DECR6 


DECR7 


ADDA.RO 


ADDA.RI 


ADDA,R2 


ADDA,R3 


ADDA,R4 


ADDA,R5 


ADDA.R6 


ADDA,R7 


ADDCARO 


ADDCA,R1 


ADDCA,R2 


ADDCA.RS 


ADDCA,R4 


ADDCA.RS 


ADDCA,R6 


ADDCA,R7 


ORLA.RO 


ORLA,R1 


0RLA,R2 


ORLA,R3 


0RLA,R4 


0RLA,R5 


ORLA,R6 


0RLA,R7 


ANLA.RO 


ANLA,R1 


ANLA,R2 


ANLA,R3 


ANLA,R4 


ANLA,R5 


ANLA,R6 


ANLA,R7 


XRLA.RO 


XRLA,R1 


XRLA,R2 


XRLA,R3 

1 


XRLA,R4 


XRLA.RS 


XRLA,R6 


XRLA,R7 


r 

MOVRO, 
#data 


M0VR1, 
#data 


MOV R2, 

#data 


MOVR3, 
#data 


MOVR4, 
#data 


MOVR5, 
#data 


r 

M0VR6, 
#data 


M0VR7. 
#data 


^ MOV 
direct. 


^ MOV 
direct, 
^ R1 


^ MOV 
direct, 
k R2 


^ MOV 
direct, 
^ R3 


^ MOV 
direct. 


^ MOV 
direct, 
^ R5 


^ MOV 
direct, 
^ R6 


r MOV 
direct, 
^ R7 


SUBBA. 
RO 


SUBBA, 
R1 


SUBBA, 
R2 


SUBBA, 
R3 


SUBBA, 
R4 


SUBBA, 
R6 


SUBBA, 
R6 


SUBBA. 
R7 


MOVRO, 
direct 


MOVR1, 
direct 


M0VR2, 
direct 


MOV R3, 
direct 


MOVR4, 
direct 


MOVR5, 
direct 


r 

MOV R6, 
direct 


MOVR7. 
direct 


CJNE RO, ^ 
#data, 
^ rel 


CJNERI,"^ 
#data, 
^ rel 


CJNER2,'^ 
#data, 
^ rel 


CJNER3,'^ 
#data, 
^ rel 


CJNER4,'^ 
#data, 
^ rel 


CJNERS,^ 
#data, 
^ rel 


CJNE R6, "^ 
#data, 
. rel 


CJNER7,'^ 
#data, 
^ rel 


XCHA, 
RO 


XCHA, 
R1 


XCHA, 
R2 


XCHA, 
R3 


XCHA, 
R4 


XCHA, 
R5 


XCHA, 
R6 


XCHA, 
R7 


r 

DJNZRO, 
rel 


DJNZR1, 
rel 


DJNZR2, 
rel 


DJNZR3, 
rel 


DJNZR4, 
rel 


DJNE R6, 
rel 


r 

DJNE R6, 
rel 


DJNER7, 
rel 


MOVA.RO 


MOVA.RI 


MOVA,R2 


MOVA,R3 


MOVA,R4 


M0VA,R6 


M0VA,R6 


M0VA,R7 


MOVRO, A 


M0VR1,A 


M0VR2,A 


MOVR3,A 


MOVR4,A 


M0VR5,A 


M0VR6,A 


M0VR7,A 
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miconcluctor 



MSM80C51 FVS 



M80C51 PIGGY BACK 



GENERAL DESCRIPTION 

The MSM80C51 FVS is a device wiiose buiit-in ROM is replaced by externai EPROM using the 
piggy-back method. External EPROM capacity is up to 4K bytes. It can be used for evaluation of pro- 
grams for MSM80C51 F. 

FUNCTIONAL BLOCK DIAGRAM 



CONTROL SIGNALS P/W SIGNALS 



I 



P20-P27<^Z^ § 



<:= 



POO - P07 



Oi 



XTAL1 - 

XTAL2 - 

ALE^ 

PSEN- 

EA- 

RESET - 



I n 



pio-Pi7<^zj::^| 

I u 



P30 - P37 



_L 



I 







R/W.AMP 


(ncc 






COLU 


RAM 


ceo 


126 WORD 


QO 


X8BIT 


^S 




53H3335EeFBfc 



?M 



TL1 TMO t=N TLO TMOD 



TIMER/COUNTER 



SBUF 
(T) 



SBUF 
(R) 



|scon| 



.J 



INSTALLATION METHOD FOR EXTERNAL ROM 
Recommended EPROMS ~ 2764, 2732 



2764 



M80C51VS 

OKI 
Japan 5101 



iiiiii^gigii@ii@ii^ 



> > 



2732 



/ Lpjnl 
^Pinl 



Pin 1 For 2764 

For 80C5 1 VS ROM Socket 



M80C51VS 

OKI 
Japan 51 01 



Lpini For 2732 

—Pin 1 For80C51VS ROM Socket 
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MSM80C1 54/ MSM83C1 54 

CMOS 8-bit One-Chip Microcontroller 



GENERAL DESCRIPTION 

The MSM83C154/MSI\/I80C154 is a high performance 8-bit one-chip microcontroller implementing large 

integration, high speed and low power consumption by 2 fim silicon gate CMOS process technology. 

The MSM83C154 features 16K byte ROM, 256 byte RAM, 32 I/O ports, three 16-bit timer/counters, 

multifunctional serial port and clock generator. In addition, the MSM83C154 has three standby modes 

enabling further power reduction. 

The MSM80C154 is identical to the MSM83C154 except the omission of 16K byte ROM. 



FEATURES 



Fully static circuit 

On-chip program memory 

On-chip data memory 

External program memory address space 

External data memory address space 

I/O ports 

(Port 1,2,3, impedance programmable) 

16-bit timer /counters 

(includes watch dog timer & 32 bit timer) 

Multifunctional serial port ' 



6-source 2-priority level 

interrupt and multi-level 

interrupt available by programming IP and IE registers 

Memory -mapped special function registers 

Bit addressable data memory and SFRs 

Minimum instruction cycle 



16K X 8 bit ROM (MSM83G154 only) 
256 X 8 bit RAM 
64 K bytes 
64K bytes 

32 



I/O Expansion mode 

UART mode (featuring error detection) 



"Multiply'V'divide" instruction cycle 
Standby functions 



0.75 JUS @1 6 MHz operation 

16 MHz version of MSM83C154 (12 MHz < XTAL1 -2 

< 16 MHz) is now under development. 

3 /iS @16 MHz operation 

Idle mode (CPU halt) 
: Power down mode (Oscillator stop) 

Activated by Software or Hardware; Providing ports with 

floating or active status 

The software power down mode is terminated by 

interrupt signal enabling excution from the Interrupted 

address. 
Lower power consumption achieved by 2 )um silicon gate CMOS process 
Upward compatible with MSM80C51/80C31 
Packages : 40-pin DIP, 44-pin flat package and 44-pln PLCC 
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P2.0" 



P2.7- 



PO.O- 



P0.7- 



o 






XTAL1- 

XTAL2- 

ALE - 

PSEN- 

EA- 

RESET- 

P1.0 -^ 
P1.7-«-^ 
P3.0^-* 



O 

z 
I- 



o 

O 



z 
o H 



::^ 



•^-N 



8w 



sC^ 



PCHL 



z\ 



2 



PCLL 



PCH 



2 



PCL 



ROM 

16KW0RD 

x8bit 



SENSE AMP 



DPH 



K^ 



DPL 



K=^ 



SP 



K=> 



CONTROL SIGNAL 



PLA 



ih 



IR 



IZ. 



TL2 



TH2 



TIMER/C0UNTER2 



RCAP2L 



T2C0N 



RCAP2H 



R/W AMP 



RAM 

256WORD 

x8bit 



iz 



Q 



ACC 



(^RAMDPC=n , 



TR2 



d 



PSW 



lc=^ 



\7 



R/W SIGNAL 



SPECIAL 
^ FUNCTION 
^. REGISTER 
r^ ADDRESS 
DECODER 



AIR 




C-ROM 



TR1 



ALU 

IE 



iz 



O 



3L:XJL-JLJL4L4L4L JLJLJi 



P3.7- 



TH1 i:^ TL1 THO Z^ 



TLO 



TMOD 



TIMER/COUNTER 0& 1 



TCON 



INTERRUPT 



SBUF 
(T) 



SBUF 
(R) 



SCON 



SERIAL 10 



o 

c 



CO 

r- 
O 
o 

g 
> 

ID 
> 



Q 



• MSM80C154/83C154 •- 
PIN CONFIGURATION 




MSM83C1 54-XXRS/MSM80C1 54RS 
(Top-View) 40 Lead Plastic DIP 



MSM83C154-XXGS/MSM80C154GS *^ 
(Top-View) 44 Lead Plastic Package 



PI .0/T2CX 


v^ 


■301 Vcc 


P1.1/T2EXr2 




^PO.O 


P1.2I3 




3S3P0.1 


PI. so: 




3DP0.2 


P1.4CT 




3E]P0.3 


P1.5CI 




T51P0.4 


PI .6(12 




34IP0.5 


Purs' 


2 


33JP0.6 


RbsETi g 


00 


32JP0.7 


J P3.0/RXDQS: 


O 


31] EA 


P3.1/TXDCir 


o 


3D] ALE 


P3.2/rNT0l3Z 





TnPSEN 


P3.3/INTirT? 


s 


2SP2.7 


P3.4/T0rTT 




T71P2.6 


P3.5/T1/HPDIL15. 




26]P2.5 


P3.6/WRrTB" 




251 P2 .4 


P3.7/RDQ1 




24JP2.3 


XTAL2I1S 




23LIP2.2 


XTALirW 




2Z1P2.1 


vssss; 




Tr]P2.0 



^. «^ f^ -. q u p r^ CN fO 

0.0.0.0. Q.>ZQ.Q.a.a. 



PI. 5 

P1.6 

PI. 7 

RESET 

NO 

P3.0/RXO 

P3.1/TXD 

P3.2/iNT0 

P3.3/INT1 

P3.4/T0 

P3.5/T1/HPDI 




44 43 42 41 40 39 38 37 36 36 34 



12 1314 15 16 17 18 19 2021 22 



3P0.4 

3P0.5 

3P0.6 

3Pg.7 

3EA 

3 ALE 

3PSEN 

3NC 

3P2.7 

3P2.6 

3P2.5 



|crptN'-;«oq»-:{Nn'!J: 

\^^^^ >ZCN«NCNCNCN 
'<!--•<< Q.Q.Q.O.Q. 



MSM83C154-XXJS/MSM80C154JS *1 
(Top-View) 44 Lead Plastic Leaded Chip Carrier 



CM CN 
CO CN ^ O 





Q. 


o. 


0. 


O. 


Z z > 


0. 


k^ 


^ 


S 




PI. 5 
PI. 6 


r L^j 

'.'J J 


[_5J 




'l^j 


6' 


^^ 


^^ 


14,1 


1^2 ^ 

[39: 
r3-c 


P0.4 
P0.5 


PI. 7 


'Jj 
















[3?: 


P0.6 


RESET 


':sC< 








s 








Lie 


P0.7 


P3.0/RXD 


■,-p 

.-J 








00 








!I3_5' 


EA 


NO 


1?: 








o 

00 








[33^ 


NO 


P3.1/TXD 


ICl 








o 
o 








L3:3i 


ALE 


P3.2/TNT0 


jj'-j 








2 








'Jl 


PSEN 


P3.3/TNT1 


'.i€> 
















[31.: 


P2.7 


P3.4/T0 


j|] 
















[30 


P2.6 


P3.5/T1/HPDI 


-.-■ri 
._-J 

119 


J-JL 


r"i 
I2Q 


leii 


n fi ri r"i r-i r-| 
l2a 123 |24| 125, j2^ |27| 




P2.5 



Il2i 



Q. Q. O. 0. a. 



*1 Flat package type and PLCC type is being developed. 



PIN FUNCTIONS 



Pin Name 



PO.O ~ P0.7 



P1.0 ~P1.7 



Description 



Bidirectional I/O ports. They are also the data/address bus (input/output 

of data and output of lower 8-bit address when external memory is accessed. 

They are open drain output when used as I/O ports, but tri-state output when used 

as data/address bus. 



PI .0 to PI .7 are quasi-bidirectional I/O ports. They are pulled up internally when 
used as input ports. Two of them have the following secondary functions: 

• P1 .0 (T2) : Used as external clock input pin for the timer/counter 2. 

• PI .1 (T2EX) : Used as trigger input for the timer/counter 2 to be reloaded 

or captured; causing the timer /counter 2 interrput. 
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MSM80C154/83C154 



PIN FUNCTIONS (CONT.) 



Pin Name 


Description 


P2.0 ~P2.7 


P2.0 to P2.7 are quasi-bidirectional I/O ports. They also output the higher 8-bit 
address when an external memory is accessed. They are pulled up internally when 
used as input ports. 


P3.0 ~ P3.7 


P3.0 to P3.7 are quasi-bidirectional I/O ports. They are pulled up internally when 
used as input ports. They also have the following secondary functions: 

• P3.0(RXD) 

Serial data input/output in the I/O expansion mode and serial data input in the 
UART mode when the serial port is used. 

• P3.1 (TXD) 

Synchronous clock output In the I/O expansion mode and serial data output in 
the UART mode when the serial port is used. 

• P3.2(INTO) 

Used as input pin for the external interrupt 0, and as count-up control pin for the 
timer/counter 0. 

• P3.3(INT1) 

Used as input pin for the external interrupt 1 , and as count-up control pin for the 
timer/counter 1 . 

• P3.4(T0) 

Used as external clock input pin for the timer/counter 0. 

• P3.5 (T1) 

Used as external clock input pin for the timer/counter 1 and power down mode 
control input pin, 

• P3.6 (WR) 

Output of the write strobe signal when data is written into external data memory. 

• P3.7(RD) 

Output of the read strobe signal when data is read from external data memory. 


ALE 


Address latch enable output for latching the lower 8-bit address during external 
memory access. Two ALE pulses are activated per machine cycle except during 
external data memory access at which time one ALE pulse is skipped. 






PSEN 


Program store enable output which enable the external memory output to the bus 
during external program memory access. Two PSEN pulses are activated per 
machine cycle except during external data memory access at which two PSEN 
pulses are skipped. 


EA 


When EA is held at "H" level, the MSM83C154 executes instructions from 
internal program memory at address OOOOH to 3FFFH, and executes instructions 
from external program memory above address 3FFFH, 

When EA is held at "L" level, the MSM80C154/MSM83C1 54 executes instructions 
from external program memory for all addresses. 


RESET 


If this pin remains "H" for at least 1 m second, the MSM80C154/MSM83C154 is 
reset. Since this pin is pulled down internally, a power-on reset is achieved by 
simply connecting a capacitor between Vcc and this pin. 


XTAL1 


Oscillator inverter input pin. External clock is input through XTAL1 pin. 


XTAL2 


Oscillator inverter output pin. 


vcc 


Power supply pin during both normal operation and standby operations. 


vss 


GNDpin. 



315 



• MSM80C154/83C154 •- 



DATA MEMORY AND SPECIAL FUNCTION REGISTER 
LAYOUT DIAGRAM 













^OFFH 








^ 0F8H 
OFOH 
OEOH 
ODOH 
OCDH 
OCCH 
OCBH 
OCAH 


lOCON 












B 






ACC 






PSW 






TH2 






TL2 






RCAP2H 






RCAP2L 






OCBH 

0B8H 

OBOH 

0A8H 

OAOH 

99 H 

98H 

90 H 

8DH 

8CH 

8BH 
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89 H 
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IP 






P3 






IE 






P2 
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SCON 






PI 


< 

DC 

< 
Q 
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' 




1 
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SP 






PO 
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R7 
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RO 
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R7 
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RO 
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• MSM80C1 54/83C1 54 • 



DETAILED DIAGRAM OF DATA MEMORY (RAM) 



OFFH 
7FH 

2FH 
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Z 

S8 
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Q 

\% 
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OC 


OB 


OA 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


Bank 3 


31 > 

24 
23 

16 
15 

8 
7 

J 


Bank 2 


Bank 1 


Bank 
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DETAILED DIAGRAM OF SPECIAL FUNCTION REGISTERS 



D 



Direct 

Byte 

Address 

0F8H 
OFOH 
OEOH 

ODOH 

OCDH 
OCCH 
OCBH 
OCAH 

0C8H 

0B8H 
OBOH 

0A8H 
OAOH 
99H 

98H 
90 H 


(MSB) 
WDT T32 


Bit Address 
SERR IZC P3HZ P2HZ 


PI HZ 


(LSB) 
ALF 


Special 
Function 
Register 
Symbol 

lOCON 

B 

ACC 

PSW 

TH2 
TL2 

RCAP2H 
RCAP2L 

2 

T2C0N 

• IP 
P3 

IE 
P2 
SBUF 

SCON 
P1 


FF 


FE 


FD 


FC 


FB 


FA 


F9 


F8 










F7 


F6 


F5 


F4 


F3 


F2 


F1 


FO 










E7 


E6 


E5 


E4 


E3 


E2 


El 


EO 


CY AC 


FO RSI RSO OV 


F1 


P 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 










Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


TF2 EXF2 


RCLKTCLKEXEN2 TR2 


C/T2CP/RL 


CF 


CE 


CD 


CC 


CB 


CA 


C9 


C8 


PCT 


PT2 PS PTI PX1 


PTO 


PXO 


BF 


- 


BD 


BC 


BB 


BA 


B9 


B8 










B7 


B6 


B5 


B4 


B3 


B2 


B1 


BO 


EA 


ET2 ES ET1 EX1 


ETO 


EXO 


AF 


- 


AD 


AC 


AB 


AA 


\A9 


A8 










A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 










* Not Bit Addressable 


SMO SM1 


SM2 REN TB8 RB8 


Tl 


Rl 


9F 


9E 


9D 


9C 


!9B 


9A 


99 


98 










97 


96 


95 


94 


93 


92 


91 


90 
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Direct 

Byte 

Address 

SDH 
SCH 
SBH 
8AH 
89 H 

S8H 
87H 

83H 
82H 
81 H 
80 H 


(MSB) 


Bit Address 




(LSB) 


Special 
Function 
Register 
Symbol 

TH1 
THO 
TL1 
TLO 
TMOD 

TCON 
PCON 

DPH 
DPL 
SP 
PO 


Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


TF1 


TR1 TFO TRO IE1 IT1 


lEO 


ITO 


8F 


8E 


8D 


8C 


SB 


8A 


89 


88 


Not Bit Addressable 










Not Bit Addressable 


Not Bit Addressable 


Not Bit Addressable 


87 


86 


85 


84 


83 


82 


81 


80 
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SPECIAL FUNCTION REGISTERS 

Timer mode register (TMOD) 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



TMOD 


89 H 


GATE 


C/T 


Ml 


MO 


GATE 


C/T 


Ml 


MO 


BIT LOCATION 


FLAG 


FUNCTION 


TMOD.O 


MO 


M1 


MO 1 Timer/counter mode setting 







1 8-bit timer/counter with 5-bit prescalar. 







1 1 16-bit timer/counter. 




1 


1 8-bit timer/counter with 8-bit auto reloading. 


TMOD.1 


Ml 


1 


1 1 Timer/counter separated into TLO (8-blt) timer/ 
1 counter and THO (8-bit) timer/counter. TFO is set 
I by TLO carry, and TF1 is set by THO carry. 


TM0D.2 


C/T 


Timer/counter count clock designation control bit. 

XTAL1 '2 divided by 12 clocks. is the input applied to tinner/counter 

when C/T = "0". 

The external clock applied to the TO pin is the input applied to 

timer /counter when C/T = "1 ". 


TM0D.3 


GATE 


When this bit is "0", the TRO bit of TCON (timer control register) is 
used to control the start and stop of timer/counter counting. 
If this bit is "1 ", timer/counter starts counting when both 
the TRO bit of TCON arid INTO pin input signal are "1 ", and stops 
counting when either is changed to "0". 


TMOD. 4 


MO 


M1 


MO ; Timer/counter 1 mode setting. 







1 8-bit timer/counter with 5-bit prescalar. 







1 1 16-bit timer/counter. 




1 


1 8-bit timer/counter with 8-bit auto reloading. 


TM0D.5 


Ml 


1 


1 I Timer/counter 1 operation stopped. 


TM0D.6 


C/T 


Timer/counter 1 count clock designation control bit. 

XTAL1 '2 divided by 12 clocks is the input applied to timer/counter 

1 when C/T= "0". 

The external clock applied to the T1 pin Is the input applied to 

timer/counter 1 when C/T = "1 ". 


TMOD. 7 


GATE 


When this bit is "0", the TR1 bit of TCON is used to control 

the start and stop of timer /counter 1 counting. 

If this bit is "1 ", timer/counter 1 starts counting when both 

the TR1 bit of TCON and INT1 pin input signal are "1", and stops 

counting when either Is changed to "0". 
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Power control register (PCON) 



NAME 


ADDRESS 


MSB 

7 


6 


5 


4 


3 


2 


1 


LSB 



PCON 


87 H 


SMOD 


HPD 


RPD 


- 


GFl 


GFO 


PD 


IDL 


BIT LOCATION 


FLAG 


FUNCTION 


PCON.0 


IDL 


IDLE mode set when this bit is set to "1 ". CPU operations are 
stopped when IDLE mode is set, but XTAL1 -2, timer/counters 0, 1, 
and 2, the interrupt circuits, and serial port remain active. IDLE mode 
is cancelled when the CPU is reset or when an interrupt is generated. 


PC0N.1 


PD 


PD mode set when this bit is set to "1 ". CPU operations and XTAL1 =2 
are stopped when PD mode is set, PD mode is cancelled when the CPU 
is reset or when an interrupt is generated. 


PCON. 2 


GFO 


General purpose bit. 

Testing this flag when IDLE mode is cancelled by an interrupt shows 

whether the interrupt is a normal interrupt or an IDLE mode release 

interrupt. 


PCON. 3 


GF1 


General purpose bit. 

Testing this flag when PD mode is cancelled by an interrupt shows 

whether the interrupt is a normal interrupt or a PD mode release 

interrupt. 


PCON. 4 




Reserved bit. The output data is "^ " if the bit is read. 


PCON. 5 


RPD 


Bit used to specify cancellation of CPU power down mode (IDLE or 
PD) by interrupt signal. 

Power down mode cannot be cancelled by interrupt signal if interrupt 
is not enabled by IE (interrupt enable register) when this bit is "0". 
If the interrupt flag is set to "1 " by an interrupt request signal when 
this bit is "1 " (even if interrupt is disabled), the program is executed 
from the next address of the power down mode setting instruction. 
The flag is reset to "0" by software. 


PCON. 6 


HPD 


The hard power down setting mode is enabled when this bit is set to 

"1". 

If the level of the power failure detect signal applied to the HPDI pin 

(pin 3.5) is changed from "1 " to "0" when this bit is "1 ", XTAL1 -2 

oscillation Is stopped and the system is put into hard power down 

mode. HPD mode is cancelled when the CPU is reset. 


PCON. 7 


SMOD 


When the timer/counter 1 carry signal is used as a clock in mode 1 , 
2 or 3 of the serial port, this bit has the following functions. 
The serial port operation clock is reduced by 1/2 when the bit is 
"0" for delayed processing. And when the bit is "1 ", the serial port 
operation clock is normal for faster processing. 



321 



• MSIVI80C154/83C154 •- 



Timer control register (TCON) 



NAME 


ADDRESS 


, MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



TCON 


88 H 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


lEO 


ITO 


BIT LOCATION 


FLAG 


FUNCTION 


TCON.0 


ITO 


External interrupt signal used in level detect nnode when this bit is 
"0", and in trigger detect mode when "1 ". 


TC0N.1 


lEO 


Interrupt request flag for external interrupt 0. 

Bit is reset automatically when interrupt is serviced. 

Bit can be set and reset by software when ITO = "1 ". 


TCON. 2 


IT1 


External interrupt 1 signal used in level detect mode when this bit is 
"0", and in trigger detect mode when "1 ". 


TCON. 3 


IE1 


Interrupt request flag for external interrupt 1 . 

Bit is reset automatically when interrupt Is serviced. 

Bit can be set and reset by software when IT1 = "1". 


TCON. 4 


TRO 


Counting start and stop control bit for timer/counter 0. 
Timer/counter starts counting when this bit is "1", and stops 
counting when "0". 


TC0N.5 


TFO 


Interrupt request flag for timer interrupt 0. 

Bit is reset automatically when interrupt is serviced. 

Bit is set to "1 " when carry signal is generated from timer/counter 0. 


TCON. 6 


TR1 


Counting start and stop control bit for timer/counter 1 . 
Timer/counter 1 starts counting when this bit is "1 ", and stops 
counting when "0". 


TCON. 7 


TF1 


Interrupt request flag for timer interrupt 1 . 

Bit is reset automatically when interrupt is serviced. 

Bit is set to "1 " when carry signal is generated from timer/counter 1 . 
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Serial port control register (SCON) 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



SCON 


98H 


SMO 


SM1 


SM2 


REN 


TBB 


RBB 


Tl 


Rl 


BIT LOCATION 


FLAG 


FUNCTION 


SCON.O 


Rl 


"End of serial port reception" interrupt request flag. 
This flag must be reset by software during interrupt service routine. 
This flag is set after the eighth bit of data has been received when in 
mode 0, or by the STOP bit when in any other mode. In mode 2 
or 3, however, Rl is not set if the RBB data is "0" with SM2 = "1". 
Rl is set in mode 1 if STOP bit is received when SM2 = "^". 


SC0N.1 


Tl 


"End of serial port transmission" interrupt request flag. This flag 
must be reset by software during interrupt service routine. 
This flag is set after the eighth bit of data has been sent when in 
mode 0, or after the last bit of data has been sent when in any other 
mode. 


SCON. 2 


RB8 


The ninth bit of data received in mode 2 or 3 is passed to RBB. 
The STOP bit is applied to RBB if SM2 = "0" when in mode 1 . 
RBB can not be used in mode 0, 


SCON. 3 


TBS 


The TBB data is sent as the ninth data bit when in mode 2 or 3. 
Any desired data can be set in TBB by software. 


SCON. 4 


REN 


Reception enable control bit 
No reception when REN = "0". 
Reception enabled when REN = "1". 


SCON .5 


SM2 


If the ninth bit of received data is "0" with SM2 = "1 " in mode 2 or 
3, the "end of reception" signal is not set in the Rl flag. 
Nor is the "end of reception" signal set in the Rl flag if the STOP 
bit is not "1 " when SM2 = "1 " in mode 1 . 


SCON. 6 


SM1 


SMO 


SM1 


MODE 















8-bit shift register I/O 







1 


1 


8-bit DART variable baud rate 


SCON. 7 


SMO 


1 





2 


9-bit U ART 1 /32 XTAL1 , 1 /64 XTAL1 
baud rate 




1 


1 


3 


9-bit DART variable baud rate 
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Interrupt enable register (IE) 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



IE 


0A8H 


EA 


— ■ 


ET2 


ES 


ET1 


EX1 


ETO 


EXO 


BIT LOCATION 


FLAG 


FUNCTION 


lE.O 


EXO 


Interrupt control bit for external interrupt 0. 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1". 


IE.1 


ETO 


Interrupt control bit for timer interrupt 0. 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


IE.2 


EX1 


Interrupt control bit for external interrupt 1 . 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1". 


IE.3 


ET1 


Interrupt control bit for timer interrupt 1 . 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


IE.4 


ES 


Interrupt control bit for serial port. 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit Is "1 ". 


IE. 5 


ET2 


Interrupt control bit for timer interrupt 2. 
Interrupt disabled when bit is "0". 
Interrupt enabled when bit is "1 ". 


IE.6 


- 


Reserved bit. The output data is "1 " if the bit is read. 


IE.7 


EA 

L 


Overall interrupt control bit. 

All Interrupts are disabled when bit is "0". 

All interrupts are controlled by lE.O thru IE. 5 when bit is "1 ". 
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Interrupt priority register (IP) 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



IP 


0B8H 


PCT 


- 


PT2 


PS 


PT1 


PXl 


PTO 


PXO 


BIT LOCATION 


FLAG 


FUNCTION 


IP.0 


PXO 


Interrupt priority bit for external interrupt 0. 
Priority is assigned when bit is "1 ". 


IP.1 


PTO 


Interrupt priority bit for timer interrupt 0. 
Priority is assigned when bit is "1 ". 


IP.2 


PX1 


Interrupt priority bit for external interrupt 1 . 
Priority is assigned when bit is "1 ". 


IP.3 


PT1 


Interrupt priority bit for timer interrupt 1 . 
Priority is assigned when bit is "1 ". 


IP. 4 


PS 


Interrupt priority bit for serial port. 
Priority is assigned when bit is "1". 


IP. 5 


PT2 


Interrupt priority bit for timer interrupt 2. 
Priority is assigned when bit is "1". 


IP. 6 


- 


Reserved bit. The output data is "1 " if the bit is read. 


IP. 7 


PCT 


Priority interrupt circuit control bit. 

The priority register contents are valid and priority assigned 

interrupts can be processed when this bit is "0". When the bit is 

"1 ", the priority interrupt circuit is stopped, and interrupts can only 

be controlled by the interrupt enable register (IE). 
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Program status word register 


(PSW) 


















NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



PSW 


ODOH 


CY 


AC 


FO 


RSI 


RSO 


OV 


F1 


P 


BIT LOCATION 


FLAG 


FUNCTION 


PSW.O 


P 


Accumulator (ACC) parity indicator. 

"1 " when the "1 " bit number in the accumulator is an odd number, 

and "0" when an even number. 


PSW.1 


F1 


User flag which may be set to "0" or "1 " as desired by the user. 


PSW .2 


OV 


Overflow flag which is set if the carry C6 from bit 6 of the ALU or 
CY is "1 " as a result of an arithmetic operation. The flag is also 
set to "1 " if the resultant product of executing a multiplication 
instruction (MUL AB) is greater than OFFH, but is reset to "0" 
if the product is less than or equal to OFFH. 


PSW. 3 


RSO 


RAM register bank switch 




RSI 


RSO 


BANK 


RAM ADDRESS 













00H-07H 


PSW .4 


RS1 





1 


1 


08H-0FH 




1 





2 


10H-17H 




1 


1 


3. 


18H - 1FH 


PSW .5 


FO 


User flag which may be set to "0" or "1 " as desired by the user. 


PSW .6 


AC 


Auxiliary carry flag. 

This flag is set to "1 " if a carry C3 is generated from bit 3 of the 
ALU as a result of executing an arithmetic operation instruction. 
In all other cases, the flag is reset to "0". 


PSW. 7 


CY 


Main carry flag. 

This flag is set to "1 " if a carry C7 is generated from bit 7 of 

the ALU as result of executing an arithmetic operation instruction. 

If a carry C7 is not generated, the flag is reset to "0". 
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I/O control register (lOCON) 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



lOCON 


0F8H 


WDT 


T32 


SERR 


IZC 


P3HZ 


P2HZ 


P1HZ 


ALF 


BIT LOCATION 


FLAG 


FUNCTION 


lOCON.O 


ALF 


If CPU power down mode (PD, HPD) is activated with this bit set to 

"1 ", the outputs from ports 0,1,2, and 3 are switched to floating 

status. 

When this bit is "0", ports 0, 1 , 2, and 3 are in output mode. 


lOCON.l 


PI HZ 


Port 1 becomes a high impedance input port when this bit is "1 ". 


I0C0N.2 


P2HZ 


Port 2 becomes a high impedance input port when this bit is "1 ". 


I0C0N.3 


P3HZ 


Port 3 becomes a high impedance input port when this bit is "1 ". 


I0CON.4 


IZC 


The 10 kohm pull-up resistance for ports 1 , 2, and 3 is switched off 
when this bit is "1 ", leaving only the 100 kohm pull-up resistance. 


I0C0N.5 


SERR 


Serial port reception error flag. 

This flag is set to "1 " if an overrun or framing error is generated 

when data is received at a serial port. 

The flag is reset by software. 


I0C0N.6 


T32 


Timer/counters and 1 are connected serially to form a 32-bit 

timer/counter when this bit is set to "1 ". 

TF1 of TCON is set if a carry is generated in the 32-bit timer/counter. 


I0C0N.7 


WDT 


Watchdog timer mode is set when this bit is set to "1 ". And if TF1 
is set to "1 " after watchdog timer mode has been set, the CPU is 
reset and the program is executed from address 0. 
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Timer 2 control register (T2C0N) 



El 



NAME 


ADDRESS 


MSB 
7 


6 


5 


4 


3 


2 


1 


LSB 



T2C0N 


0C8H 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


BIT LOCATION 


FLAG 


FUNCTION 


T2CON.0 


CP/RL2 


Capture mode is set when TCLK + RCLK = "0" and CP/RL2 = "^ ". 
16-bit auto reload mode is set when TCLK + RCLK = "0" and 
CP/RL2 = "0". 
CP/R L2 is ignored when TCLK + RCLK = "1 ". 


T2C0N.1 


C/T2 


Timer/counter 2 count clock designation control bit. 
The internal clocks (XTAL1 -2 -r 12, XTAL1 -2^2) are used when 
this bit is "0", and the external clock applied to the T2 pin is passed 
to timer/counter 2 when the bit is "1 ". 


T2CON.2 


TR2 


Timer/counter 2 counting start and stop control bit. 
Timer/counter 2 commences counting when this bit is "1" and stops 
counting when "0". 


T2CON.3 


EXEN2 


T2EX timer/counter 2 external control signal control bit. 
Input of the T2EX signal is disabled when this bit is "0", and 
enabled when "1". 


T2CON.4 


TCLK 


Serial port transmit circuit drive clock control bit. 

Timer/counter 2 is switched to baud rate generator mode when this 

bit is "1 ", and the timer/counter 2 carry signal becomes the serial 

port transmit clock. 

Note, however, that the serial ports can only use the timer/counter 2 

carry signal in serial port modes 1 and 3. 


T2CON.5 


RCLK 


Serial port receive circuit drive clock controJ bit. 

Timer/counter 2 is switched to baud rate generator mode when this 

bit is "1 ", and the timer/counter 2 carry signal becomes the serial 

port receive clock. 

Note, however, that the serial ports can only use the timer/counter 2 

carry signal in serial port modes 1 and 3, 


T2CON.6 


EXF2 


Timer/counter 2 external flag. 

This bit is set to "1 " when the T2EX timer/counter 2 external 
control signal level is changed from "1 " to "0" while EXEN2 = "1 ". 
This flag serves as the timer interrupt 2 request signal. If an interrupt 
is generated, EXF2 must be reset to '/O" by. software. 


T2C0N7 


TF2 


Timer/counter 2 carry flag. 

This bit is set to "1 " by a carry signal when timer/counter 2 is in 

16-bit auto reload mode or in capture mode. 

This flag serves as the timer interrupt 2 request signal. If an interrupt 

is generated, TF2 must be reset to "0" by software. 
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LIST OF INSTRUCTIONS 



LIST OF INSTRUCTION SYMBOLS 



A 


Accumulator 


AB 


Register pair 


AC 


Auxiliary carry flag 


B 


Arithmetic operation register 


C 


Carry flag 


DPTR 


Data pointer 


PC 


Program counter 


Rr 


Register indicator (r = ~ 7) 


SP 


Stack pointer 


AND 


Logical product 


OR 


Logical sum 


XOR 


Exclusive OR 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


/ 


Division 


(X) 


Denotes the contents of X 


((X)) 


Denotes the contents of address determined by the contents of X 


# 


Denotes the immediate data 


@ 


Denotes the indirect address 


= 


Equality 


# 


Non equality 


•<— 


Substitution 


-> 


Substitution 


- 


Negation 


< 


Smaller than 


> 


Larger than 


bit address 


RAM and the special function register bit specifier address {b^ ~ b, ) 


code address 


Absolute address (Aq ~ Aj 5 ) 


data 


Immediate data (l^ ~ I7) 


relative offset 


Relative jump address offset value (Rq ~ R^) 


direct address 


RAM and the special function register byte specifier address (a^ ~ a^ ) 
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MSM80C154/MSM83C154 INSTRUCTION TABLE 



n 



\l 



0000 


1 
0001 


2 

0010 


3 
0011 


4 
0100 


5 
0101 


1 

6 
0110 


7 
0111 



0000 


NOP 


^ AJMP 
address 11 
. (PageO) 


1 
LJMP 
address 16 


RR A 


INC A 


r 

INC 
direct 


INC@R0 


INC@R1 


1 

0001 


^ '®' L(PageO) 


1 
LCALL 
address 16 


RRC A 


DEC A 


r 

DEC 
direct 


DEC@RO 


DEC@R1 


2 
0010 


JR bit 1 AJMP 
^^^^'*' address 11 
^ '^' ^(Pagel) 


RET 

k. 


RL A 


r 

ADD A, 
#data 


w 

ADDA, 
direct 


ADDA, 
@R0 


ADDA, 

@R1 


3 
0011 


JNBbit, 
rel 


^ACALL 
address 1 1 
^(Pagel) 


RETI 


RLC A 


ADDC A, 

#data 


r 

ADDC A, 
direct 


ADDC A, 
@R0 


ADDC A, 

@R1 


4 
0100 


JCbit, ^AJMP^^O^ 


ORL "^ 
direct, 
^ #data 


r 

ORL A, 

#data 


r 

ORLA, 
direct 


ORLA, 
@R0 


ORLA, 
@R1 


5 
0101 


^ACALL ^ ^ 
JNCrel address 11 ^:^J:\ 
w (Page 2) direct, A 


ANL "^ 
direct, 
^ #data 


r 

ANL A, 
#data 


r 

ANL A, 
direct 


ANL A, 
@R0 


ANL A, 

@R1 


6 
0110 


^ f AJMP ^ ^R, 
JZrel address 11 direct A 
1 (Page 3) | d"^ect, A 


XRL "^ 

direct, 
^ #data 


r 

XRL A, 
#dat^ 


r 

XRL A, 
direct 


XRLA, 
@R0 


XRLA, 
@R1 


7 
0111 


[ACALL ^OR, c 
JNZrel address 11 ; ? . ' 
^ .(Page 3) ^ ^'^ 


JMP 
@A+DPTR 


r 

MOV A, 
#data 


MOV"^ 
direct, 
^#data 


r 

MOV @R0, 
#data 


r 

MOV @R1, 
#data 


8 
1000 


SJMP rel 


^ AJMP r^ANLC 
address 11 7,;.^' 
. (Page 4) L "^'^ 


MOVC A, 
@A+PC 

k. 


DIV AB 


MOV"^ 
direct 1 , 
^Irect 2 


^ MOV 

direct, 

^ @R0 


^ MOV 
direct, 
^ @R1 


9 
1001 


MOV "^^ACALL r..p,,, .., 
DPTR address 11! MOV bit, 

#data16 .(Page 4) I ^ 


MOVC A, 
@A+DPTR 


r 

SUBB A, 
#data 


r 

SUBB A, 
direct 


SUBB A, 
@R0 


SUBB A, 
@R1 


. ^ r AJMP 
-^^ ORAL C, bit 1 address 11 
^"^" ^(Page5) 


r 

MOV C, 
bit 


INC 
DPTR 

k. 


MUL AB 

A 




r 

MOV @R0, 
direct 

k. 


r 

M0V@R1, 
direct 

k 


, B 
1011 


^ Tacall 

ANLCbit address 11 
. L (Page 5) 


r 

CPLbit 


CPLC 


CJNE A,^ 
#data, 
^ rel 


CJNE aT 

direct, 

rel 


CJNE @R0? 
#data. 


CJNE @Rl7 

#data, 
k rel 


C 
1100 


r 

PUSH 
direct 


r 

AJMP 
address 1 1 
. (Page 6) 


r 

CLR bit 


CLRC 


SWAP A 


r 

XCH A, 
direct 


XCH A, 
@R0 


XCH A, 
@R1 


D 
1101 


r 

POP 

direct 


^ACALL 
address 1 1 
. (Page 6) 


r 

SETB bit 


SETBC 


DA A 


DJNZ "^ 
direct, 


XCHD A, 
@R0 


XCH A, 

@R1 


E 
1110 




MOVX A, 
C«^RO 


MOVX A, 
C«>R1 


CLR A 


r 

MOV A, 
direct 


MOV A, 
@R0 


MOV A, 

@R1 


F 
1111 


MOVX 
@ DPTR, A 


^ACALL 
address 1 1 
. (Page?) 


MOVX 
C«)RO, A 
k. _ 


MOVX 

(«'R1, A 

k ..__ 


CPL A 


r 

MOV 
direct, A 


MOV 
@R0, A 


MOV 
@R1, A 



2 BYTE 
2 CYCLE 



MNEMONIC 



3 BYTE 

4 CYCLE, 
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\ L 

h\ 


8 
1000 


9 
1001 


A 
1010 


B 
1011 


C 
1100 


D 
1101 


E 
1110 


F 
1111 



0000 


INC RO 


INC R1 


INC R2 


INC R3 


INC R4 


INC R5 


INC R6 


INC R7 


1 
0001 


DEC RO 


DEC R1 


DEC R2 


DEC R3 


DEC R4 


DEC R5 


DEC R6 


DEC R7 


2 
0010 


ADD A, 
RO 


ADD A, 
R1 


ADD A, 
R2 


ADDA, 
R3 


ADD A, 
R4 


ADD A, 
R5 


ADD A, 
R6 


ADD A, 
R7 


3 
0011 


ADDC A, 
RO 


ADDC A, 
R1 


ADDC A, 
R2 


ADDC A, 
R3 


ADDC A, 
R4 


ADDC A, 
R5 


ADDC A, 
R6 


ADDC A, 
R7 


4 
0100 


ORLA, 
RO 


ORLA, 
R1 


ORLA, 
R2 


ORLA, 
R3 


ORLA, 
R4 


ORLA, 
R5 


ORLA, 
R6 


ORLA, 
R7 


5 
0101 


ANLA, 
RO 


ANLA, 
R1 


ANLA, 
R2 


ANLA, 
R3 


ANLA, 
R4 


ANL A, 
R5 


ANLA, 
R6 


ANL A, 
R7 


6 
0110 


XRLA, 
RO 


XRLA, 
R1 


XRLA, 
R2 


XRL A, 
R3 


XRLA, 
R4 


XRLA, 
R5 


XRLA, 
R6 


XRLA, 
R7 


7 
0111 


MOV RO, 
#data 


r 

MOV R1, 
#data 


r 

MOV R2, 
#data 


r 

MOV R3, 
#data 


W 
MOV R4, 
#data 


y 

MOV R5, 
#data 


r 

MOV R6, 
#data 


r 

MOV R7, 
#data 


8 
1000 


^ MOV 
direct, 


^ MOV 
direct, 
^ R1 


^ MOV 
direct, 
^ R2 


^ MOV 
direct, 
^ R3 


^ MOV r MOV r MOV 
direct, ! direct, j direct, 
^ R4 L R5 ^ R6 


^ MOV 
direct, 


9 
1001 


SUBB A, 
RO 


SUBB A, 
R1 


SUBB A, 
R2 


SUBB A, 
R3 


SUBB A, ; SUBB A, 

R4 I R5 


1 

SUBB A, 
R6 


SUBB A, 
R7 


A 
1010 


r 

MOV RO, 
direct 


r 

MOV R1, 
direct 


r 

MOV R2, 
direct 


r 

MOV R3, 
direct 

k. 1 


MOV R4, MOV R5, 
direct > direct 


r 

MOV R6, 
direct 


r 

MOV R7, 
direct 


B 
1011 


CJNE RO? 

#data, 
^ rel 


CJNE Rl7 

#data, 
. rel 


CJNE R27 

#data, 
L rel 


CJNE R37 

#data, 
^ rel 


CJNE R4^ 
#data, 

^: rel 


CJNE R57 
#data. 


CJNE R6? 

#data, 
^ rel 


CJNE R7? 
#data, 
. re, 


C 
1100 


XCH A, 
RO 


XCH A, 
R1 


XCH A, 
R2 


XCH A, 
R3 


XCH A, 
R4 


XCH A, 
R5 


XCH A, 
R6 


XCH A, 
R7 


D 
1101 


r 

DJNZ RO 
rel 


V 
DJNZ R1 
rel 


V 

DJNZ R2, 
rel 


r 

DJNZ R3, 
rel 


DJNZ R4, 
rel 

k. 


DJNE R5, 
rel 

k. 


r 

DJNE R6, 
rel 

k. 


r 

DJNE R7, 
rel 


E 
1110 


MOV A, 
RO 


MOV A, 
R1 


MOV A, 
R2 


MOV A, 
R3 


MOV A, 
R4 


MOV A, 
R5 


MOV A, 
R6 


MOV A, 
R7 


F 
1111 


MOV RO, 
A 


MOV R1, 
A 


MOV R2, 
A 


MOV R3, 
A 


MOV R4, 
A 


MOV R5, 
A 


MOV R6, 
A 


MOV R7, 
A 
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INSTRUCTION SET DETAILS 



s 


Mnemonic 


Instruction Code 


Bytes 


Cycles 






> 


D7 


D6 


Ds 


D4 


D3 


Da 


D, 


Do 


Description 




ADDA,Rr 













1 


^2 


ri 


ro 


1 




(AOJOV), (C),(A)^(A)+(Rr) 




ADD A, direct 




37 




36 


35 




34 




33 


32 




3l 


1 

3o 


2 




(AC), (OV), (C), (A) ^ {A) + (direct 
address) 




ADDA,@Rr 


















1 


ro 


1 




(AC), (OV),(C),(A)^(A)+{(Rr)) 




ADD A, #data 




I7 




l6 


• s 


0. 

•4 




I3 


I2 







lo 


2 




(AC), (OV), (C), (A) <- (A)+#d3t3 




ADDC A,Rr 












1 


r2 


ri 


ro 


1 




(AC), (OV), (C), (A) ^ (A)+(C)+(Rr) 




ADDC A, direct 




37 




36 


35 


34 



33 


32 




3i 


1 

3o 


2 




(AC), (OV), (C), (A) ^ (A)+(C) + (direct 
3ddress) 


v> 


ADDC A,@Rr 

















1 


ro 


1 




(AC), (OV), (C), (A) ^ (A)+(C)+((Rr)) 


q 
o 

3 


ADDC A, #data 




1 7 




l6 


1 5 


I4 




I3 


I2 




ll 




lo 


2 




(AC), (OV), (C), (A) ^ (A)+(C)+#d3t3 


c 


SUBB A,Rr 












1 


•'2 


ri 


ro 


1 




(AC), (OV), (OJA) - (A)-((C))+((Rr)) 


O 
CD 
0} 


SUBB A, direct 


87 




36 




3s 


34 




33 


32 




3l 


1 

3o 


2 




(AC), (OV), (C), (A) ^ (A)-((C)+(direct 
3ddress)) 


o 
o 


SUBB A,@Rr 

















1 


ro 


1 




(AC), (OV), (C), (A) ^ (A)-((C)+((Rr)) 


e 


SUBB A, #data 


• 7 







I5 


1 4 




I3 


I2 




ll 




io 


2 




(AC), (OV), (C), (A) ^ (A)-((C)+#dat3) 


< 


MUL AB 







1 
















1 


4 


(AB) ^(A)x(B) 




DIV AB 
























1 


4 


(A) quotient, ^ /aw/r\ 

(B) rem3inder ^ <A)/(B) 




DA A 




1 





1 













1 


1 


When the contents of 3CCumul3tor bits 
thru 3 are greater than 9, or when 
auxiliary carry (AC) is 1,6 is 3dded to 
bits thru 3. Bits 4 thru 7 are then ex- 
amined, 3nd when bits 4 thru 7 follow- 
ing compensation of lower bits thru 
3 is gre3ter thsn 9, or when carry (C) 
is 1,6 is added to bits 4 thru 7. As a 
result, the csrry fl3g C3n be set, but 
cannot be cleared. 




CLR A 


1 


1 


1 








1 








1 


1 


(A)-0 


c 
o 


CPL A 


1 


1 


1 


1 





1 








1 


1 


(A) - (A) 


a3 v> 


RL A 








1 











1 


1 


1 


1 


Accumulator 




O O 


7 




S fe 








RLC A 








1 


1 








1 


1 


1 


1 


Accumulator 




< 


HcH-l-l-l-l-kl-l-h 
7 
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INSTRUCTION SET DETAILS (CONT.) 



s 


M 


nemonic 


Instruction Code 


Bytes 


Cycles 


























> 
1- 


D7 


D6 


Ds 


D4 


D3 


Da 


Di 


Do 


L^CSUf ipilUII 




RR 


A 




















1 


1 


1 


1 




Accumul3tor 




c 
o 


|cp 


^ 


-> 


-> 


—*■ 


^ 


-^ 


-^ 


-^ 


^ 




CD 






7 






^o 








^1 


RRC 


A 











1 








1 


1 


1 


1 




Accumul3tor 






pC^ 


-> 


-> 


-^ 


-> 


-^ 


-^ 


,^ 


-> 






1 


7 


^ 




< 








SWAP A 


1 


1 



















1 


1 


(A4--7)-^(Ao-'3) 




INC 


A 

























1 


1 


(A)^(A)+1 




INC 


Rr 














1 


^2 


ri 


To 


1 


1 


(Rr)^(Rr)+1 


c " 


INC 


direct 




a? 




36 



as 




34 




33 


32 




3l 


1 
3o 


2 


1 


(direct address) ^ (direct 3ddress)+1 


£ 


INC 


@Rr 



















1 


ro 


1 


1 


((Rr))-((Rr)) + 1 


T3 


INC 


DPTR 


1 





1 











1 


1 


1 


2 


(DPTR)^(DPTR)+1 


a> 
E 


DEC 


A 











1 













1 


1 


(A)<-(A)-1 


DEC 


Rr 











1 


1 


^2 


ri 


ro 


1 


1 


(Rr)*-(Rr)-1 




DEC 


direct 




a? 




36 




35 


1 

34 




33 


32 




3i 


1 

3o 


2 


1 


(direct 3ddress) <- (direct sddress)— 1 




DEC 


@Rr 











1 







1 


To 


1 


1 


((Rr))^((Rr))-1 




ANL 


A,Rr 





1 





1 


1 


^2 


ri 


ro 


1 


1 


(A) ^(A) AND (Rr) 




ANL 


A, direct 




a? 


1 

36 




as 


1 

34 




33 


32 




3i 


1 

3o 


2 


1 


(A) ^ (A) AND (direct address) 




ANL 


A, @Rr 





1 





1 







1 


ro 


1 


1 


(A)^(A) AND ((Rr)) 


C 

o 


ANL 


A, #dat9 




I7 


1 
l6 




I5 


1 
I4 




I3 


I2 




ll 




lo 


2 


1 


(A)^(A) AND #dat3 


tn 
C 


ANL 


direct, A 




37 


1 
36 



as 


1 

34 




33 




32 


1 

3l 




3o 


2 


1 


(direct address) <- (direct address) 
AND (A) 


O 

Q 


ANL 


direct, 
#data 



a? 
I7 


1 

36 

U 



as 
Is 


1 

34 

I4 




33 

I3 




32 

I2 


1 

3i 
ll 


1 

3o 
lo 


3 


2 


(direct address) <- (direct address) 
AND #d3t3 


1 


ORL 


A,Rr 





1 








1 


r2 


ri 


ro 


1 


1 


(A)^(A) OR (Rr) 


O 
-J 


ORL 


A, direct 




37 


1 
36 




as 




34 




33 


1 

32 




3i 


1 

3o 


2 


1 


(A) ^ (A) OR (direct 3ddress) 




ORL 


A,@Rr 





1 











1 


1 


ro 


1 


1 


(A) -(A) OR ((Rr)) 




ORL 


A, #data 




•7 


1 

u 




I5 




u 




I3 


1 
I2 




ll 



io 


2 


1 


(A)^(A) OR #d3t3 
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INSTRUCTION SET DETAILS (CONT.) 



Q. 


M 


lemonic 


Instruction Code 


Bytes 


Cycles 


Description 


> 


D7 De 


Ds 


D4 


D3D, 


Di 


Do 




ORL 


direct, A 


1 

37 36 




35 




34 




33 32 


1 

3i 




3o 


2 


1 


(direct address) ^ (direct address) OR 
(A) 


c 
.9 
o 

D 


ORL 


direct, 
#data 


1 

37 36 
I7 l6 




35 
Is 




34 

I4 




33 32 
I3 I2 


1 

3i 
ll 


1 
3o 

lo 


3 


2 


(direct address) <- (direct address) OR 
#data 


XRL 


A,Rr 


1 


1 





1 n 


ri 


ro 


1 


1 


(A)^(A) XOR (Rr) 


C 

c 


XRL 


A, direct 


1 

37 36 


1 

3s 




34 


1 

33 32 




3l 


1 

30 


2 


1 


(A) <- (A) XOR (direct address) 


.2 

CD 


XRL 


A,@Rr 


1 


1 





1 


1 


ro 


1 


1 


(A)^(A) XOR ((Rr)) 


a 
o 

o 


XRL 


A, #data 


1 

I7 l6 


1 

Is 




I4 


1 

I3 u 




ll 




lo 


2 


1 


(A) <- (A) XOR #data 




XRL 


direct, A 


1 

37 36 


1 

35 




34 




33 32 


1 

3i 




3o 


2 


1 


(direct address) <- (direct address) 
XOR (A) 




XRL 


direct, 
#data 


1 

37 36 
I7 l6 


1 

3s 
I5 




34 

I4 




33 32 
I3 I2 


1 

3l 

ll 


1 

3o 

lo 


3 


2 


(direct address) ^ (direct address) XOR 
#data 


c 
q 


MOV 


A, #data 


1 

I7 U 


1 

Is 


1 

I4 


1 
I3 I2 




ll 




lo 


2 


1 


(A) <- #data 


o 

to 

C 


MOV 


Rr, #data 


1 

I7 l6 


1 

Is 


1 
u 


1 r2 
I3 I2 


ri 
ll 


ro 
lo 


2 


1 


(Rr)^#data 


01 

c 


MOV 


direct, 
#data 


1 

37 36 
I7 l6 


1 

3s 
I5 


1 

34 

I4 


1 

33 32 
I3 I2 




31 
ll 


1 

3o 

lo 


3 


2 


(direct address) <- #data 


CD 
CD 


MOV 


@Rr, #data 


1 
I7 l6 


1 

Is 


1 

I4 


1 
I3 I2 


1 
ll 


ro 
lo 


2 


1 


(Rr))^#data 


E 
E 


MOV 


DPTR, 
#data 16 


1 
lis" l|4 
17 U 




Il3 

Is 


1 

I12 
I4 



111 lio 
I3 I2 




I9 
ll 



U 
lo 


3 


2 


(DPTR)^#data 16 




CLR 


C 


1 1 











1 


1 


1 


1 


(O^O 




SETB 


C 


1 1 





1 





1 


1 


1 


1 


(C)<-1 


c 
.9 


CPL 


C 


1 


1 


1 





1 


1 


1 


1 


(C)-(C) 


o 

C 


ANL 


C, bit 


1 

b7 b6 




bs 



b4 




b3 b2 


1 

b, 



bo 


2 


2 


(C) <-{C) AND (bit address) 




ANL 


C,/bit 


1 

b7 b6 


1 
bs 


1 

b4 



b3 b2 



bi 




bo 


2 


2 




c 

CD 


(C)^(C) AND (bit address) 


0) 

a 
o 

CD 


ORL 


C, bit 


1 

b7 b6 


1 
bs 


1 
b4 



b3 b2 


1 
bi 




bo 


2 


2 


(C) - (C) OR (bit address) 


> 
CD 

o 


ORL 


C,/bit 


t 

b7 b6 


1 
bs 




b4 



b3 b2 



bi 




bo 


2 


2 


(C) <- (C) OR (bit address) 




MOV 


C,bit 


1 

b7 b6 


1 
bs 




b4 




b3 b2 


1 
b, 




bo 


2 


1 


(C) ^ (bit address) 



334 



• MSM80C154/83C154 • 



INSTRUCTION SET DETAILS (CONT.) 



£ 


Mnemonic 


Instruction Code 


Bytes 


Cycles 


Description 


^ 


D7 De Ds 


D4 


D3 


D2 


D| 


Do 




MOV bit, C 


1 

bi be bs 


1 

b4 



ba 




b2 


1 
bi 




bo 


2 


2 


(bit 3ddress) ^ (C) 


§2 


SETB bit 


1 1 
b-j be bs 


1 
b4 



ba 




b^ 


1 
b, 




bo 


2 




(bit 3ddress) ^ 1 


.tL C 
OQ — 


CLR bit 


1 1 
b^ bg bj 



b4 



ba 




b. 


1 
bi 




bo 


2 




(bit 3ddress) ^0 


CPL bit 


1 1 
b-j be bs 


1 
b4 



ba 




b2 


1 
bi 




bo 


2 




(bit 3ddress) <- (bit 3ddress) 




MOV A,Rr 


1 1 1 





1 


^2 


ri 


To 


1 




(A)^(Rr) 




MOV A, direct 


1 1 1 

87 36 as 




34 



3a 


32 




3i 


1 

3o 


2 




(A) ^ (direct 3ddress) 




MOV A,@Rr 


1 1 1 










1 


••0 


1 




(A)<-((Rr)) 


c 


MOV Rr,A 


1 1 1 


1 


1 


•"2 


rj 


ro 


1 




(Rr)-(A) 


.9 

C 


MOV Rr,direct 


1 1 

37 36 35 




34 


1 

3a 


•"2 
32 


ri 

3i 


ro 

3o 


2 


2 


(Rr) ^ (direct 3ddress) 


MOV direct, A 


1 1 1 

37 36 3s 


1 

34 




33 


32 




3i 


1 

3o 


2 


1 


(direct 3ddress) *- (A) 


c 

CO 


MOV direct, Rr 


1 0_ 

37 36 35 




34 


1 

33 


^2 
32 


ri 

3i 


ro 

3o 


2 


2 


(direct 3ddress) ^ (Rr) 


CD 

Q 


MOV direct, 
@Rr 


1 

87 36 35 




34 




33 


32 


1 

3l 


ro 
3o 


2 


2 


(direct 3ddress) ^ ((Rr)) 




MOV @Rr, A 


111 


1 







1 


ro 


1 


1 


((Rr))-(A) 




MOV @Rr, 
direct 


1 1 

37 36 3s 




34 




33 


32 


1 

3i 


ro 

3o 


2 


2 


((Rr))^ (direct 3ddress)) 


II 

IS 


Move A, 

@A+DPTR 


1 


1 








1 


1 


1 


2 


(A)-((A) + (DPTR)) 


Move A,@A+Pe 


1 











1 


1 


1 


2 


(PC) ^ (PC) + 1 
(A)^ ((A) + (PC)) 


0) 


XOH A, Rr 


1 1 





1 


r2 


ri 


ro 


1 


1 


(A)^(Rr) 


c c 


XCH A, direct 


1 1 

37 36 as 




34 




33 


1 

32 




3i 


1 

3o 


2 


1 


(A) ^ (direct 3ddress) 


CO 1 

CD .E 


XOH A,@Rr 


1 1 








1 


1 


ro 


1 


1 


(A)^((Rr)) 


Q 

i 


XOHD A, @Rr 


1 1 


1 





1 


1 


ro 


1 


1 


(Ao~3)--((Rro~3)) 
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INSTRUCTION SET DETAILS (CONT.) 



s 


Mnemonic 


Instruction Code 


Bytes 


Cycles 


Description 


> 


D7 Oe Ds D4 D3 D2 Di Do 




PUSH direct 


11 

an 36 as 84 83 82 ai ao 


2 


2 


(SP)^(SP)+1 
((SP))^ (direct 3ddress) 




POP direct 


1 10 10 

87 36 as 84 83 32 3i 80 


2 


2 


(direct 3ddress)^((SP)) 
(SP)^(SP)-1 


c 
o 


ACALLaddr 11 


A10A9A8 10 1 
A7 Ae As A4 A3 A2 Ai Ao 


2 


2 


(PC)V(pc)+2 
(SP) ^ (SP)+1 
((SP))-(PCo'-7) 
(SP) ^ (SP)+1 

((SP))^(PCg-'js) 
iPCo'-io)^Ao'-io 


C 
Q) 

c 

3 

2 
n 


LCALLaddr 16 


10 10 
A,5Ai4Ai3Ai2AuAioA9 As 
A7 Ag As A4 A3 A2 Ai Ao 


3 


2 


(PC) ^ (PC)+3 
(SP) ^ (SP)+1 
((SP))-(PCo'-,) 
(SP) ^ (SP)+1 
((SP))^(PC8'-,s) 
(PCo-is)^ Ao~is 




RET 


10 10 


1 


2 


(PC8~,5)-((SP)) 
(SP)^(SP)~1 

(PCo~7)^((SP)) 

(SP) ^ (SP)-1 




RETI 


1 10 10 


1 


2 


(PCs~,s)^((SP)) 
(SP)^(SP)-1 
(PCo'-7)-^(SP)) 
(SP)<-(SP)-1 


c 


AJMP addr 11 


A10A9A8 1 
A7 Ae As A4 A3 A2 Ai Ao 


2 


2 


(PC)^(PC)+2 
(PCo ~io ) "<- Ao ~io 


o 

o 

C 


LJMP addr 16 


10 
Ai5A,4Ai3Ai2AnAioA9 Ag 
A7 Afi As A4 A3 A2 Ai Ao 


3 


2 


(PCo'-'isy^Ao-is 


a 
E 

3 


SJMP rel 


10 
R7 Re Rs R4 R3 R2 Ri Ro 


2 


2 


(PC) ^ (PC)+2 

(PC) ^ (PC)+rel3tive offset 




JMP @A+DPTR 


1110 11 


1 


2 


(PC)*-(A)+(pPTR) 


c 
o 

o 

3 


CJNE A, direct, 
rel 


10 1 10 10 1 

87 86 as 34 33 32 3i 3o 
R7 Re R5 R4 R3 R2 Ri Ro 


3 


2 


(PC)^(PC)+3 

IF (A) + (direct address) 

THEN 

(PC) ^(PC)+relative offset 

IF (AX (direct sddress) 

THEN 

(C) *- 1 
ELSE 

(C)-0 


c 

(0 
03 


CJNE A,#data, 
rel 


10 110 10 

I7 l6 Is I4 I3 I2 ll lo 

R7 Re R5 R4 R3 R2 Ri Ro 


3 


2 


(PC)-(PC)+3 

IF (A) + #data 

THEN 

(PC) ^ (PC)+relative offset 

IF (A)<#dat8 

THEN 

(C) ^ 1 
ELSE 

(C)*-0 



336 



• MSM80C154/83C154 • 



INSTRUCTION SET DETAILS (CONT.) 










& 


Mnemonic 


Instruction Code 




Cycle 


Description 




> 




Bytes 




H- 




D7 Dfi Ds D4 D3 D2 Dy Do 












CJNE Rr, #data. 


1 1 1 1 ra ri ro 


3 


2 


(PC) - {PC)+3 






rel 


I7 l6 I5 I4 la I2 li lo 
R7 R5 Rs R4 R3 Rj Ri Rq 






IF ((Rr)) + ^ata 

THEN 

(PC) *- (PC)+rel8tive offset 

IF ((Rr))<9Wata 

THEN 

(C)-1 
ELSE 

(C)-0 






CJNE @Rr, 


1 1 1 1 1 ro 


3 


2 


(PC)^(PC)+3 






#clata, rel 


I7 «6 I5 I4 I3 i2 ll lo 

R7 Rg R5 R4 R3 R2 Hi Ro 






IF ((Rr)) + #data 

THEN 

(PC) ^ (PC)+relative offset 

IF ((Rr))<#data 

THEN 

(C) <- 1 
ELSE 

(C)^O 






DJNZ Rr, rel 


1 1 1 1 r2 ri ro 
R7 Re Rs R4 R3 R2 Ri Ro 


2 


2 


(PC) <- (PC)+2 
(Rr) ^(Rr)-1 




C 










IF (Rr) + 




o 










THEN 














(PC) ^ (PC)+rel8tive offset 




c 


DJNZ direct, rel 


110 10 10 1 


3 


2 


(PC) ^ (PC)+3 




JC 




87 36 as 84 83 82 81 80 






(direct address) ^ (direct address) 


-1 


o 

c 




R7 Rg R5 R4 R3 R2 Ri Ro 






IF (direct address) + 




(0 










THEN 




CO 










(PC) ^ (PC)+rel8tive offset 






JZ rel 


1 1 
R7 Re Rs R4 R3 R2 Ri Ro 


2 


2 


(PC)^(PC)+2 

IF (A) = 

THEN 

(PC) ^ (PC)+relative offset 






JNZ rel 


1110 
R7 Rg R5 R4 R3 R2 Ri •• 


2 


2 


(PC) - (PC)+2 

IF (A)*0 

THEN 

(PC) ^ (PC)+relative offset 






JC rel 


10 

R7 Rg R5 R4 R3 R2 Ri Ro 


2 


2 


(PC)^(PC)+2 

IF (C) = 1 

THEN 

(PC) ^ (PC)+rel8tive offset 






JNC rel 


10 10 
R7 Re R5 R4 R3 R2 Ri Ro 


2 


2 


(PC)^(PC)+2 

IF (C) = 

THEN 

(PC) <- (PC)+relative offset 






JB bit, rel 


10 
b7 bg bs b4 bs b2 bi b© 
R7 Re Rs R4 R3R2 Ri Ro 


3 


2 


(PC) <- (PC)+3 

IF (bit address) = 1 

THEN 

(PC) ^ (PC)+relative offset 






JNB bit, rel 


1 1 
b7 be bs b4 b3 b2 bi b© 
R7 Re Rs R4 R3 R2 Ri Ro 


3 


2 


(PC)^(PC)+3 

IF (bit address) = 

THEN 

(PC) ^ (PC)+relative offset 
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INSTRUCTION SET DETAILS (CONT.) 



0) 

a 


Mnemonic 


Instruction Code 


Bytes 


Cycle 


Description 


> 


D, D, D, D, D3 D, D, 


Do 


c 
^ o 

c o 

CO ^ 
c 


JBC bit, rel 


10 
bj be bs b4 ba bj bi 
R7 Rg Rs R4 R3 R2 Ri 



bo 
Ro 


3 


2 


(PC)<-(PC)+3 

IF (bit address) = 1 

THEN 

(bit address) ^ 

(PC) ^(PC)+relative offset 


o »> 


MOVX A,@Rr 


1110 1 


1^0 




2 


(A) ^ ((Rr)) EXTERNAL RAM 


u 


MOVX A,@DPTR 


1110 







2 


(A) ^ ((DPTR)) EXTERNAL RAM 




MOVX @Rr, A 


11110 1 


ro 




2 


(Rr) ^ (A) EXTERNAL RAM 


+-» — 

X 

111 


MOVX@DPTR,A 


11110 







2 


((DPTP)) ^ (A) EXTERNAL RAM 


c 


NOP 










1 


(PC)^(PC)+1 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 



Parameter 


Symbol 


Conditions 


Rating 


Unit 


Supply voltage 


Vcc 


Ta = 25 °C 


-0.5 ~ 7 


V 


Input voltage 


V| 


Ta = 25 °C 


-0.5 - Vcc + 0.5 


V 


Storage temperature 


Tstg 




-55 - + 150 


°C 


Operational Range 


Parameter 


Symbol 


Conditions 


Rating 


Unit 


Supply voltage 


Vcc 


*1 fosc= DC-16MHZ 


2.5-6 


V 


Memory hold voltage 


Vcc 




2-6 


V 


Ambient temperature 


Ta 




-40 - + 85 


°C 



*1 : 2.5 V < Vcc < 4 V DC characteristics will be specified elsewhere. 

16 MHz version of MSM83C154 (12 MHz < XTAL 1 -2 < 16 MHz) is being developed. 



DC Characteristics 

(Vcc = 5V±10%,Ta = 



-40to+85°C) 



Parameter 


Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


Meas- 
uring 
circuit 


Input Low Voltage 


V|L 




-0.5 




0.2 Vcc-0.1 


V 




Input High Voltage 


V,H 


Except XTAL1 and 
RESET 


0.2 Vcc +0.9 




Vcc + 0.5 


V 




Input High Voltage 


V|HI 


XTAL1 and RESET" 


0.7 Vcc 




Vcc + 0.5 


V 




Output Low Voltage 
(PORT 1,2,3) 


Vol 


l0L= 1.6 mA 






0.45 


V 




Output Low Voltage 
(PORTO, ALE, PSEN) 


VOLI 


Iql = 3.2 mA 






0.45 


V 


1 


Output High Voltage 
(PORT 1,2, 3) 


VOH 


Iqh = -60 mA 
Vcc = 5 V± 10% 


24 






V 




•oh = -30 /uA 


0.75 Vcc 






V 






Ioh = -ioma 


0.9 Vcc 






V 




Output High Voltage 
(PORTO, ALE, PSEN) 


VOHI 


lOH = -400 nA 
Vcc = 5V± 10% 


2.4 






V 






IOH = -150/uA 


0.75 Vcc 






V 






Iqh = -40 /u A 


0.9 Vcc 






V 




Logical Input Current 
(PORT 1,2,3) 


'IL 


V| = 0.45 V 


-10 




-200 


/uA 


2 


Logical 1 to Transition 
Current (PORT 1,2,3) 


«TL 


V| =2.0 V 






-500 


mA 




Input Leakage Current 
(PORT floating, EA) 


'li 


Vss<V|<Vcc 






± 10 


MA 


3 


RESET Pulldown Resistor 


Rrst 




20 


40 


125 


Kn 


2 


Pin Capacitance 


C|0 


TA = 25°C,f = 1 MHz 
5V (except XTAL1) 


' 




10 


PF 




Power Down Current 


IPD 


Vcc = 2 ~ 6 V 




1 


50 


mA 


4 
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Maximum Power Supply Current 
Normal Operation Iqq (mA) 



Vcc 


4V 


5 V 


6V 


Freq 








0.5 MHz 


1.6 


2.2 


3 


3.5 MHz 


4.3 


5.7 


7.5 


8 MHz 


8.3 


1 1 


1 4 


12 MHz 


12 


16 


20 



Maximum Power Supply Current 
Idle Mode Iqq (mA) 



Vcc 


4V 


5V 


6V 


Freq 








0.5 MHz 


0.6 


0.9 


1.2 


3.5 MHz 


1.1 


1.6 


2.2 


8 MHz 


1.8 


2.7 


3.7 


12 MHz 


2.5 


3.7 


5 



*^: 2.5 V < Vqc < 4 V DC characteristics will be specified elsewhere. 



Maximum Power Supply Current 
Normal Operation Iqq (mA) 



Vcc 


4.5 V 


5 V 


5.5 V 


Freq. 








1.2 MHz 


2.0 


2.3 


2.6 


8 MHz 


10 


11 


12.5 


12 MHz 


14 


16 


18 


16MHz 


18 


20 


23 



Maximum Power Supply Current 
Idle Mode Iqq (mA) 



Vcc 


4.5 V 


5 V 


5.5 V 


Freq. 








1.2 MHz 


1.4 


1.5 


1.6 


8 MHz 


2.3 


2.7 


3.2 


12 MHz 


3.0 


3.7 


5.0 


16 MHz 


4.0 


5.0 


6.0 




Measuring Circuits 



V|Lc 



Vcc 



Vss 



JT 



X 



(Note 2) 



(v)(a)io 







1 


' 4=- 




CO 

o 

Z 


1 


INPUT 
OUTPUT 


(Note 2) 




^0 


^Q 






± 






V|H< 



V|uc 



Vcc 



Vss 



T" 



<EH^ 



Note 1. Repeated for specified input pins. 

2. Repeated for specified output pins. 

3. Input logic for specified status. 
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External Program Memory Access AC Characteristics 

(Vcc = 5 V ± 20%, Vss = V, XTAL1 -2 = 12 MHz, Ta = -40 °C to 85 °C 
VcC = 5V±10%, Vss = OV, 12 MHz<XTAL1-2< 16 MHz, Ta = -40 °C to 85 °C 
PORT 0, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load) 





1 

Symbol 


Ratings 




Parameter 


16 MHz clock 


Variable clock from 
DC to 16 MHz 


Unit 




Min. 


Max. 


Min. 


Max. 




XTAL1 '2 Oscillator Peripd 


tCLCL 


62.5 




62.5 




ns 


ALE Pulse Width 


tLHLL 


85 




2tCLCL-40 




ns 


Address Valid to ALE Low 


tAVLL 


18.5 




ltCLCL-44 




ns 


Address Hold After ALE 
Low 


tLLAX 


27.5 




1tCLCL-35 




ns 


ALE Low to Valid Instr In 


tLLIV 




150 




4tCLCL-100 


ns 


ALE Low to PSEN Low 


tLLPL 


32.5 




1tCLCL-30 




ns 


PSEN Pulse Width 


tPLPH 


152.5 




3tCLCL-35 




ns 


PSEN Low to Valid Instr 
In 


tPLIV 




82.5 




3tCLCL-105 


ns 


Input Instr Hold After 
PSEN 


tpxix 












ns 


Input Instr Float After 
PSEN 


tPXIZ 




42.5 




1tCLCL-20 


ns 


PSENto Address Valid 


tPXAV 


42.5 




1tCLCL-20 




ns 


Address to Valid Instr In 


tAVIV 




207.5 




5tCLCL-105 


ns 


Address Float to PSEN 
Low 


tAZPL 












ns 



External program memory re 


ad cycle 

— tLHLL — 










f \ 


A~\ 




tAVLL 


tLLPL, 


H — 
















— tPLIV — 


y 
/ 


PSEN j 


/ 


- 


\ 

JLLAX 


t 




^tAZPL 

> < 


tPXIZ 

tpxix 


tpx 


AV 




\ 

PORT 

J 


¥- 


A0~A7 ' 
/ 


INSTR 


^ 


f 

AO ~ A7 
\ 






























A8 \ 
P0RT2 ;^^ ^ 


A8~A15 




1 



341 



• MSM80C154/83C154 •- 



External Program Memory Access AC Characteristics 

(Vcc = 5 V ± 20%, Vss = V, XTAL1 -2 = 12 MHz, Ta = -40 °C to 85 °C 
Vcc = 5 V±10%, Vss = V; 12MHz<XTAL1-2< 16 MHz, Ta = -40 °C to 85 °C 



PORTO, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load) 



□ 





Symbol 


Ratings 




Paranneter 


16 MHz clock 


Variable clock from 
DC to 16 MHz 


Unit 




Min. 


Max. 


Min. 


Max. 




XTAL1 -2 Oscillator Period 


tCLCL 


62.5 




62.5 




ns 


ALE Pulse Width 


tLHLL 


85 




2tCLCL-40 




ns 


Address Valid to ALE Low 


tAVLL 


18.5 




1tCLCL-44 




ns 


Address Hold After ALE 
Low 


tLLAX 


27.5 




1tCLCL-35 




ns 


RD Pulse Width 


tRLRH 


275 




6tCLCL-100 






WR Pulse Width 


tWLWH 


275 




6tCLCL-100 




ns 


RD Low to Valid Data In 


tRLDV 




207.5 




5tCLCL-105 


ns 


Data Hold After RD 


tRHDX 












ns 


Data Float After RD 


tRHDZ 




55 




2tCLCL-70 


ns 


ALE Low to Valid Data In 


tLLDV 




400 




8tCLCL-100 


ns 


Address to Valid Data In 


tAVDV 




457.5 




9tCLCL-105 


ns 


ALE Low to RDorWR 
Low 


tLLWL 


147.5 


227.5 


3tCLCL-40 


3tCLCL+40 


ns 


Address to RD or WR Low 


tAVWL 


180 




4tCLCL-70 


' 


ns 


Data Valid to WR 
Transition 


tQVWX 


22.5 




1tCLCL-40 




ns 


Data Valid to WR High 


tQVWH 


332.5 




7tCLCL-105 




ns 


Data Hold After WR 


tWHQX 


75 




2tCLCL-50 




ns 


Address Float to RD Low 


tAZRL 












ns 


RDorWR High to ALE 
High 


tWHLH 


32.5 


102.5 


1tCLCL-30 


1tCLCL+40 


ns 
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External data memory read cycle 



r^ 



J ^ A 



>..T, y )) -f^ 



M~AT 



Rr or 
PPL/ 



PORT 2 PCH 



)/ A8~ A15PCH \ P2.0 ~ 



tLLWL 



*-tAVWL-*l 



-tAVDV- 



r\ 



7^^^^^^-^ 



- P2.7 DATA or A8 ~ A15 DPH 



DtE 



External data memory write cycle 



j~\ 



PSEN_ 



7 ^_/ 



INSTR 
IN 



J-^ <S 



'A0~A7 



PORT 2 ^SpcH^^S 



Y A8~A15PCH \ P2.0 



tLLAX 



I 



DATA (ACC) 



'A0~A7\ 
V PCL / 



' P2.7 DATA or AS ~ A15 DPH 



J 



A8~ A15PCH 
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Serial Port (I/O Extension Mode) AC Characteristics 

Vcc = 5V±20%. Vss = OV, XTAL1 -2 = 12 MHz, Ta = -40 °C to 85 °C 

Vcc = 5V±10%, Vss = OV, 12MHz<XTAL1-2< 16 MHz, Ta = -40 °C to 85 °C 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Serial Port Clock Cycle Time 


tXLXL 


12tCLCL 




ns 


Output Data Setup to Clock Rising Edge 


tQVXH 


10tcLCL-l33 




ns 


Output Data Hold After Clock Rising Edge 


tXHQX 


2tCLCL-75 




ns 


Input Data Hold After Clock Rising Edge 


tXHDX 







ns 


Clock Rising Edge to Input Data Valid 


tXHDV 




IOtCLCL-133 


ns 



Q 



MACHINE CYCLE 



SHIFT CLOCK 



OUTPUT DATA 



k- tXLXL— *l 



ktQVXH* ktXHQX 



\ 


X X X 


X 


X 


X 


X 


/ 




♦tXHOV-i - 


l—tXHDX 




>ALf^ WALd( )^!A^MC 


X^ALiqK 


. J^^-i^K 


.,>AL«^ 


;<yALicK 


?^ALI0A 
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AC Characteristics Measuring Conditions 



1 . I nput/output signal 

VOH 

VOL- 



-V|H V|H- 

TEST POINT 
■V|L V|L- 



VoH 



Vol 



*The input signals in AC test mode are either Vqh Cog'c "1") 
or Vol ^loQic "0") input signals where logic "1 " corresponds 
to a CPU output signal waveform measuring point in excess of 
V|H, and logic "0" to a point below V|l. 



2. Floating 



VOH- 



Vol- 



I 



Floating 



'IH 



^IL 




VOH 



Vol 



^ The port floating interval is measured from the time the 
port pin voltage drops below V|h after sinking to GND at 
2.4 mA when switching to floating status from a "1" output, 
and from the time the port pin voltage exceeds V|l after 
connecting to a 400 )uA source when switching to floating 
status from a "0" output. 



XTAL1 External Clocic Input Waveform Conditions 



O 



Parameter 


Symbol 


Min. 


Max. 


Units 


Oscillator Freq. 


1/tCLCL 


DC 


16 


MHz 


High Time 


tCHCX 


20 




ns 


Low Time 


tCLCX 


20 




ns 


Rise Time 


tCLCH 




20 


ns 


Fall Time 


tCHCL 




20 


ns 



EXTERNAL CLOCK DRIVE WAVEFORM 
Vcc-0.5 

0.45 V 



0.7 Vcc) 
0.2 Vcc-0.1 



TCHCL 



J 



-TCLCX 




-TCHCX-i- 



/TCLCH 



-TCLCL- 



EXTERNAL 
OSCILLATOR- 
SIGNAL 



NC 



XTAL2 



XTAL1 



vss 



345 



MSM85C1 54VS 



M83C154 PIGGY BACK 



GENERAL DESCRIPTION 

The MSM85C1 54 is a device whose built-in ROM is replaced by external EPROM using the piggy- 
back method. External EPROM capacity is up to 1 6K bytes. It can be used for evaluation of programs 
forMSM83C154. 






XTAL1 >- 




2 


XTAL2- 


2 


O / 


ALE ■» 


5 


a. 


PSEN-( 


c 








z 






o 


EA-~— 


O 


8 ■ 


RESET .- 




' — ' 



:^ 






PCLL I 

7T< 



PCH \* 1 PCL |; 



IDS 



CONTROL SIGNAL 



R/W SIGNAL 



TIMER/C0UNTER2< 



1 



RCAP2L T2C0N RCAP2Hi 



3 




M 



liiLJULJhJ^ JLJUi 



TL1 THO 



M 



TLO TMOD 



TIMER/COUNTER 0& 1 



GDCZ 



SBUF I I SBUF I 
— ' ' (R) ' 



J 



INSTALLATION METHOD FOR EXTERNAL ROM 



^Pi^iiiiiiiii^^ 



» 



27128 



! 



M85C154 

OKI 

JAPANxxxx 



Pin 1 For 27128 

^ The MSM85C154VS pin layout of bottom side is the same as the pin 
layout for MSM83C154-XXRS. 
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PROGRAM DEVELOPMENT 
SUPPORT SYSTEMS 



EASE40 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

for the 
OLMS40 Series 4-Bit, 1-Chip Microcontroller 

EASE40 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

The OKI EASE40 Program Development Support System designed for use with the CMOS 4-blt, 
1-chip microcontroller OLMS40 Series consists of the MPB400 (evaluation board) and the 
MPB400DS (key & display board), plus a number of EASE40 microcontroller interface boards. These 
components can also be connected by MULTIBUS interface or serial I/O interface to the "80 series" 
of development tools or serial I/O terminal units for even more efficient program development. 

■ Since the MPB400 includes a MULTIBUS Interface, it can be connected online to "80 series" development 
systems equipped with an existing MULTIBUS interface to enable direct use of the system console and 
I/O units. 

■ With an MPB401 connected to the MPB400, online connections are also possible to serial 
Interface systems (such as the ifSOO personal computer). 

■ A floppy disk based assembler/debugger is available for use in online type systems. (CP/M® , 
ISIS-llbase) 

Note: (CP/M® is the registered trademark of Digital Research Inc. (USA). 

ISIS-II and MULTIBUS are registered trademarks of Intel Corp (USA). 
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SYSTEM CONFIGURATION 
[1] SERIAL INTERFACE TYPES 



CN1 


• -- 'h 




MPB401 




. II 





ifSOO OKI personal 
computer 




Serial 
interface 


j 64K byte memory 







<==> 



2. 



Note: 1. Where "80 series" development 
systems other than the ifSOO are 
used, the system must be capable 
of using CP/M. 
2. The MPB401 is connected 
directlytotheMPB400viaa 
socket. 



[2] BUS INTERFACE TYPES 



^Standard I 

I input/output 1 

k'. units j 

!o| 

LEPROM 
writer 



FEATURES 

The serial interface type employs serial interface 
equipped development tools available on the 
market or personal computers, together with the 
MPB400 board and MPB401 . 

HOST COMPUTER REQUIREMENTS 

1 . CP/M-80 version 2.0 or 2.2 must be operable as 
the operating system. 

2. The host computer memory capacity must be large 
enough to operate at least 52K bytes of CP/M. 

3. Interface must be RS232C, TTL, or 20 mA current 
loop. 

4. The RS232C serial port must be accessible 
when the CP/M system calls function Np. 6 
(direct console I/O), on condition that a 
logical device CON: Is assigned to a physical 
device TTY. 

Okl personal computers ifSOO model 20 and 
model 30 are standard host computers which 
satisfy these requirements. 




I 


Display 




Keys 









J. JL 



CN1 CN2 , 



I — MULTIBUS equipped "80 - 
series" development system 
(Intel: MDS System 
DSCC System) 



1 



Standard 
input/output 
' units 

<E) 



Note: For Bus interface types, an 

online/offline switch located on 
MPB400DS is set to "online" 
position. 



FEATURES 

Bus interface types employ MULTIBUS equipped 
development tools available on the market, e.g., 
the MPB400, and MPB400DS. Use of an FDD 
unit (floppy disk drive) which the development 
system has as standard equipment, enables 
disk base editing, assembling, and debugging. 
When debugging especially, a disk based 
"debugger" enables loading, excuting and 
correcting of users' application programs from a 
development system console. 



HOST COMPUTER REQUIREMENTS 

1. Intel 8080A microprocessor or equivalent pro- 
cessor is used as the CPU. 

2. Inter MULTIBUS or equivalent bus system Is 
used. 

3. ISIS-II or CP/M-80 msut be operable as the 
operating system. 

4. 00 Is not used as the 8080A (or equivalent) 
microprocessor I/O address. 
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[3] FIELD DEBUGGING TYPES 



User's application 
circuit 



7T 



iz 



FEATURES 

Field debugging types are used for final field evaluation 
of application circuits and progranns after program 
debugging with serial interface or bus interface types 
has been completed. The small and compact MPB202 
board used for this purpose is equipped with a socket 
for program EPROMs. 



MPB202 



[4] OLMS40 SERIES EVALUATION 



User's application 
circuit 



Dedicated board 



7> 



iz 



FEATURES 

The dedicated boards indicated in the diagram 
are required for a program evaluation of the 
OLMS421 orOLMS422 microcontroller. 




MPB421 (forOLMS421) 

or 
MPB422 (for OLMS422) 



7T 



±Z. 
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ASSEMBLER 



ASM40 is a floppy disk based iiigh-performance assembler which operates under CP/M and ISIS-II. 
This assembler is used to translate source files generated on disk by using an editor (available on the market), 
thereby generating object files (Intel HEX format), assembly list files and symbol files in the specified 
devices. 

LIST OF PSEUDO-INSTRUCTIONS 

FEATURES 

1 . Free descriptive format source files 

2. Enables description of up to nine types 
arithmetic expressions In the source program 
operand field 

3. Symbol file generation capacity 

4. Six types of pseudo-instructions available 

5. A type setting pseudo-instruction enables checking 
the limitation of basic instruction sets for each 
OLMS40 microcontroller. . 



Pseudo- 
instruction 


Function 


EQU 


Assignment of operand value to name. 


ORG 


Setting of program start address 


END 


Indication of end of program 


NSE 


Setting of in the 4 lower order bits of 
the assembler location counter, and 
addition of 16. The NOP instruction is 
assigned to blank areas where no 
machine language instruction has been 
assigned. 


TYP 


Indication of the OLMS40 series type 




352 



-• EASE40 • 



DEBUGGER 



The EASE40 debugger can be used for effective debugging in both serial interface and bus interface 
type systems. 



FEATURES 

1. Simple input format for debugging commands 
entered from the console of the connected 
development tool (personal computer) 

2. Efficient loading/saving and display/change of 
object codes 

3. Real-time execution and step execution 

4. Display/change of microcontroller contents 

5. Use of assembler symbols permitted (only in 
bus interface types) 



EXAMPLE OF USE OF COMMANDS 

LOAD^HaB : TEST. HEX 

lista:fi:listi.ooi 
define^. start=1ac 

REMOVE^. JOBl , .END2 

URAMi:^0^TO-a.lFF 

PC=789 

URAM^l 00 = 48i2.49i2kl2 

GO^URAMaFROMaI 23aTILLaPC==7A4.^&1 

G0^TILL^PF=4 

STEP-£^FR0M^5 OACOUNT-a.3 

VERI FY^iO^A: SAMPL2 . OB J^UR0Ma4 OaTOa,7FF 

SAVEa; Fl : JOBl . 2A0ATOia.7 FF 



Command name 


Command input format 


LOAD 


LOAD [ z\ H/0] z\ Pathname [ z\ EXT] 


LIST 


LIST^Pathname/OFF 


DEFINE 


DEFINE z\ Symbol ± expr 


REMOVE 


REMOVE z\ Symbol [. Symbol, ]/SYMBOLS 


Display 


Keyword [ z\ address] 


Change 


Keyword = data-ref 

Keyword z\ addr = [ , data, data , data] 


ESET 


RESET 


EXIT 


EXIT 


GO 


GO [ /\ URAM/UROM] [ z\ FROM Z\ addr-exp] 

[^TILLz^PC = /</>addr.exp[z\&n]][z\ASM] 

GO [ Z\ URAM/UROM] [ /\ FROMoaddr-exp] 
[ z\ TILL z\ Port-exp = data-exp] [ z\ ASM] 


STEP 


STEP [ /\ URM/UROM] [ Z\ FROM z\ addr-exp] 
[ ^ COUNT z\n][z\ ASM] 


@ 


@ 


VERIFY 


VERIFY [ /\ H/0] Z^ Pathname [ z\ EXT] [ z\ URAM/UROM] [address] 


SAVE 


SAVE [ /\ H/O] zs Pathname [ z\ URAM/UROM] [address] 




Z\ Space, [...] May be omitted, / Slash denoting "or". 
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DEBUGGER COMMAND SAMPLES 



DB40 

« DB4 » 

OLMS40 SERIES ON LINE DEBUGGER 

VERS 1 . 3 

*LOAD AISAMPLI.HEX 

^ J g 

« INITIAL BUFFER » 
FEDCBA98765 



: 

1 : 

2 : 

3 : 

4 : 

5 : 

6 : 

7 : 











RZ = 



XCH=0 A=0 



RW=0 RX=0 RY=0 _._ _ 

ACC=0 CY=0 DPH=O.DPL=0 PP=0 

PF=0 PG=0 

*G0 URAM FROM 7A1 TILL PC=7CF &2 

mode: IB TO FB Y/N/E ? Y 

PC==07CF 74 PA=F PB = F PD=C PE=5 PF=0 PG=0 PK=B PI=A 

PC=07CF 74 PA-F PB=F PD=0 PE=5 PF=0 PG=0 PK=B PI=A 

*G0 FROM 7A1 TILL PF=9 

mode: IB TO FB Y/N/'E ? N 

MODE=NON TO FB 

PC==07CF 74 

*FB 

« FINAL 

F E D C B 




PA=F PB=F PD=F PE=F PF=9 PG=0 PK=B PI=A 



BUFFER » 



: 

1 : 

2 : 

3 : 

4 : 

5 : 

6 : 

7 : 



A 







E 



RW=F RX=4 RY=E RZ=9 XCH=* A=* 

ACC=9 CY=1 DPH=2 DPL=0 PP=* 

PA=F PB=F PD=F PE=F PF=9 PG=0 

PK=B PH=2 CIN=0 INT=1 

*STEP FROM 7A1 COUNT 6 

PC=0 7Ar 3 70 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A 

PC=0700 AC PA=F P3 = F PD = C PE=0 PF=9 PG==0 PK=B PI=A 

PC=0702 AD PA=F PB==F PD=C PE=0 PF=9 PG=0 PK=B PI = A 

PC=0704 65 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A 

PC=0705 2 6 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A 

PC=0706 37A3 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B P I=A 

*EXIT 
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SELECTION OF MICROCONTROLLER AND EVALUATION BOARDS/SOFTWARE 





Microcontroller 








Dedicated board 






Evaluation board 








User's own c 
(personal co 


ev< 
Tipi 


lopment tool 
ter) 














Serial interface tvoe 








EPROM writer 


























OKI 

IFSOOetc. 


- 


EPROM writer 






OLMS40 
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MPB400 


- 


MPB401 
































































OLMS42 




; ! 








, A 




FPROM writer 
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MDSetc. 


- 


EPROM writer 






















MPB400 








OLMS421 






MPB421 




























1 
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MPB400DS 
















OLMS422 






MPB422 


































Field debugger type | 








MPB202 
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OLMS47 






Dedicated hardware 
simulator 





























EVALUATION MICROCONTROLLERS 



OLMS40 


MSM5840 


MPB400 board accessories 


OLMS42 


MSM5840 


MPB400 board accessories 


OLMS421 


MSM5840 


MPB421 board accessories 


OLMS422 


MSM5840 


IVIPB422 board accessories 




SOFTWARE 



Serial interface type 


FD40SCP/M 


Assembler/(serial) debugger CP/M single side single density 8-inch 
Two (serial) monitor software EPROMs 


Bus interface type 


FD40BISIS 


Assembler/(bus) debugger ISIS-II single sided single density 8-inch 
Two (bus) monitor software EPROMSs 


PD40BCP/M 


Assembler/(bus) debugger CP/M single sided single density 8-inch 
Two (bus) monitor software EPROMS 
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MPB400 Board 

The MPB400 board is used for OLMS-40 Series 
microcontroller program generation and evaluation. 
With the MSM8085A used for control purposes, 
several system configurations can be achieved in 
combination with other boards and software. 
Dimensions: 202 x 305 (mm) 




MPB401 Board 

The MPB401 board, used together with the l\/IPB400 
board, consists of interface circuit with the development 
system and transfer speed converter unit. 
Dimensions: 105 x 205 (mm) 
80 X 115 (mm) 





MPB202 Board 

The MPB202 board is equipped with an evaluation 
microcontroller and 4K bytes of program EPROM 
sockets. This miniature size board is used effectively 
In mounting evaluations when built into application 
equipment for final testing of debugged programs. 
Dimensions: 95 x 120 (mm) 
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MPB421 

The MPB421 board has been designed for OLMS-421 
microcontroller program evaluation, and is used con- 
nected to the MPB400. This board is equipped with 
LCD driver circuits and PLA EPROM sockets. 
Dimensions: 145 x 180 (mm) 





357 



EASE6400 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

for the 
OLMS-64 SERIES GMOS 4-Bit, 1-Chip Microcontroller 



EASE6400 PROGRAM DEVELOPMENT SUPPORT 
SYSTEM 

The EASE6400 Program Development Support System has been specifically designed forrapid and 
efficient program development of Oki's OLMS-64 series of CMOS 4-bit, 1 -chip microcontroller. 
(Target chips: MSM6404, MSM6402, MSM6422, MSM641 1 , MSM6431 , MSM6442 and MSM6408) 




FEATURES 

1. In-circuit emulation when connected to an 
RS232C interface equipped a host computer 
or to an input/output device such as a CRT 
terminal and the EASES (option). 

3. Six types of break conditions (for interruption 
of emulation) including execution address 
and machine cycle counter. 

4. EPROM writer (for 2732, 2732A, 276^4) to 
enable programming, transfer, and 
verification of user program area contents. 

5. User program debugging operations directed 
by debug commands entered from the key- 
board of the connected input/output device. 

6. Program evaluation by use of dedicated eval- 
uation chip (MSM6400E), thereby enabling 



the same operations to be executed as when 
the MSM6404 chip is used. 
7. Built-in system diagnostic program. 

HOST COMPUTER REQUIREMENTS 

1 . Operating system is one of the follows. 

(1 ) CP/M®-80 (ver 2.0 or later) 

memory capacity of the host computer 
must be sufficient to run at least 52K 
CP/M. 

(2) MS-DOS® (ver 1 .25, ver2.1 1 ) 

(3) PC-DOS® (ver 1 .25, ver2.1 1 ) 

2. At least one RS232C communication port is 
implemented. 

3. Data transfer is performed through RS232C 
communication port using BDOS function 
call 6 on condition that console device Is 
assigned to TTY:. 
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SYSTEM CONFIGURATION 

The EASE6400 Program Development Support 
System consists of the EASE6400 Emulator (a 
high performance program emulator which 
Includes the EASE Host Monitor, the EASE6400 
Evaluation, and the host computer) and the 
ASM6404 Assembler. With the EASE6400 
Evaluation connected online to the host 
computer equipped with an RS232C Interface, 
the system covers all operations from assembly 
of the source program through program 
evaluation and debugging. 



COMMUNICATION WITH HOST 
COMPUTER 

ICs used 

• Communication interface MSM82C51A 

• Driver/receiver ~SN75188N, SN75189N 
Transmission format 

• 110 to 9600 bps (switchable) 

• 8 bits, 2 stop bits, non-parity 



• 7 bits, 2 stop bits, even parity 

• 7 bits, 2 stop bits, odd parity (switchable) 



User's application 
circuit 



7> 



• EASE 

• ASM6400 



EASE6400 
Evaluation Kit 



C=^ 



Host 
computer 



<=> 



£ 



K^ 



eg 



Note: CP/M is a registered trademark of Digital 
Research Inc. (U.S.A.) 

EASE and ASM6404 for PC-DOS, MS-DOS are 
optional softwares. 
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ASM6400 ASSEMBLER 



The ASM6400 is a floppy disk based high-performance assembler which operates on CP/M-80, 
MS-DOS, or PC-DOS. 

This assembler is used to translate source files generated on disk by using an editor (kvailable on the 
market), thereby generating object files (Intel HEX format), assemble list files, and cross-reference 
list files in the specified devices. 



FEATURES 

1 . Free descriptive format source files 

2. Capacity to describe up to ten types of operators 
in the source program operand column 

3. Ability to specify the number of characters 
per line and the number of lines per page in 
assembly list files 

4. Cross-reference list file generation capacity 

5. 1 3 types of powerful pseudo-instructions available 

6. Object codes where internal page jump instruc- 
tions and all page jump instructions are assigned 
automatically can be obtained by branch pseudo- 
instructions 

7. Control of assembly list file outputs by LIST 
or NLST pseudo-instruction 



LIST OF PSEUDO-INSTRUCTIONS 



Pseudo- 
instruction 


Function 


TYP 


Specifies a type of target chip 


EQU 


Assignment of operand value to name. 


SET 


Same as EQU pseudo-instruction, but 
with redefinition capacity 


ORG 


Setting of program start address 


END 


Indication of end of program 


B 


Automatic conversion to internal page or 
all page jump instruction after checking 
branch destination 


DB 


8-bit data or ASCII character definition 


DS 


Reserves memory area for specified 
number of bytes 


NSE 


Setting of in the 4 lower order bits of 
the assembler location counter, and 
addition of 16. The NOP instruction is 
assigned to blank areas where no 
machine language instruction has been 
assigned. 


DATE 


Insertion of date in assemble list title 


PAGE 


Execution of assemble list page feed 


TITL 


Insertion of assemble list title 


LIST 


Designation of assemble list output 


NLST 


Inhibition of assemble list output 
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EASE6400 EMULATOR 



Consisting of a host computer and the EASE6400 Program Evaluation Kit, the EASE6400 Emulator 
supports a wide range of development debugging operations efficiently and effectively. OLMS-64 
application programs can be debugged without user application circuits just as easily as completed 
systems. 

a) User program execution 

FEATURES 



1. Real-time tracing function does not effect 
execution time 

The EASE6400 Evaluation Kit incorporates a 
realtime trace area for 2048 machine cycles. 
When the tracing for a particular user program 
area address has been set, the address, 
operation code, port, and probe status are traced 
each time the specified address is executed. 

2. Execution time measurement 

The user program execution time can be mea- 
sured by using the cycle counter on the 
EASE6400 Evaluation Kit. (Max. 16,777,215 cycles) 
This counter can also be used as a pass counter 
to indicate the number of times a specified ad- 
dress is executed. And emulation can be 
stopped after a specified address has been ex- 
ecuted a specified number of times. 

3. Mass storage 

With an 8192-bytes of static RAM area in the 
EASE6400 Evaluation Kit for use as a user 
program area, there Is no problem with 
inadequate memory area during debugging. And, 
needless to say, user programs can be 
loaded/saved from the host computer. 
Furthermore, with an EPROM writer included on 
this board, the user program area contents can 
be written into EPROMs, and the EPROM 
contents can be read out. 

4. Ample break functions 

The emulator can suspend (break) program execu- 
tion by any of the following six break conditions. 

a) Breakpoint break 

Break upon execution of specified address. (Any 
address may be specified.) 

b) External break 

Break by application of external break signal. 

c) Halt/stop instruction break 

Break by execution of HALT or STOP instruction. 

d) Trace buffer full break 

Break when overflow of trace area occurs. 

e) Cycle counter overflow break 

Break when overflow of cycle counter occurs. 

f) Probe match break 

Break when probe data matches set data. 

5. Extensive range of debugging commands 

In addition to display/updating of all register, port, and 
RAM contents, the following commands enable 
all debugging operations to be executed 
efficiently. 



Input format: 
STP number of instructions, start address 

Input of this command results in the specified 
number of instructions in the user program being 
executed from the specified address (start 
address). 

Input format: 
G start address, break address (n) 

Input of this command results in the user program 
being executed from the specified address (start 
address). Emulation is subsequently stopped 
when the specified address (break address) is 
executed n times. 

Note: Program execution is suspended temporarily each 
time the specified address is executed. 

Input format: 
G start address, break address RAM 
(address-n) 

Input of this command results in the user program 
being executed from the specified address (start 
address). Emulation is subsequently stopped if 
the contents of the specified RAM address are n 
when the specified address (break address) is 
executed. In this case, too, program execution is 
suspended temporarily whenever the specified 
address is executed. 

b) Use of floppy disks 

Input format: 
LOP filename 

Input of this command enables the specified 
file contents (user program) to be loaded into 
the EASE6400 Evaluation Kit code memory 
which serves as the OLMS-64 masked ROM 
area. 

Input format: 
SAV filename start address, end address 

Input of this command enables the contents of the 
specified range of code memory to be saved at 
the specified filename. 

Input format: 
DIAG 2 

Input of this command enables execution of com- 
mands within the specified file. 
This execution can be suspended temporarily by 
using the PAUSE command. 
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c) Instruction executed bit memory 

TheEASE6400 Emulator includes an instruction 
executed bit memory which indicates which user 
program addresses have been executed. Pro- 
gram flow can be determined by examination of 
the contents of this memory. 

6. Easy to remember command format 

TheEASE6400Emulator debugging commands con- 
sist of command mnemonics followed by parameters 
(address or mnemonic). 
Command mnemonic configuration 

a) First character 

Denotes the function to be executed by the 
emulator. 

b) Second and following characters 

Name of function to be executed by the 
emulator- that is, MSM6400E evaluation 
chip or EASE6400 Evaluation Kit register, 
memory, or port name (abbreviation). 



Example: 

* D DM 0, 1F^ 

UN I y\ 

a b c d e f 



a: denotes wait for command input from emulator 

b: denotes display of contents of specified object 

c: data memory (equivalent MSM6400E RAM area) 

designation 

d: start address of contents to be displayed 

e: end address of contents to be displayed 

f : carriage return denoting end of command input 
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EASE6400 EMULATOR MEMORY CONFIGURATION 

The EASE6400 emulator memory area.which can be used by the user, is outlined in the following diagram. The 
sections enclosed in boxes represent the register and memory areas which can be accessed from the host 
computer keyboard, and which can be displayed/updated by debugging command. 



PROGRAM 
COUNTER 



ACCUMULATOR 



PORT 9 



CM 

CODE 
MEMORY 

8192x8 



DM 

DATA 
MEMORY 



PORT 4 



P4 



PC 


13 


STACK 
POINTER 


SP 


8 


HL 
REGISTER 


8 


PORTO 


PO 


4 


PORTS 


P5 


1 



AC 


4 


CARRY 


CY 


1 


FLAG 
REGISTER 


FR 


4 


P0RT1 


PI 


4 


PORT 6 


P6 


4 



CMR 


4 


PORTA 


SMR 


4 


PORTB 


CFR 


4 


PORT 2 


P2 


4 


PORT? 


P7 


4 



PORTC 




EIF 


4 


PORTD 


IRQ 


4 



PORTS 




P3 


4 


PORTS 


P8 


4 



PROBE 

COMPARE 

REGISTER 



CR 



PROBE 
MASK 



PM 



EXECUTION 


BREAK 


BREAK 


MODE 


CONTROL 


STATUS 


REGISTER 


REGISTER 


REGISTER 



EM 



BC 



BS 




BP 
8192 

XI 


TR 
8192 

XI 


IE 
8192 

Xl 


SO 
8192 

X1 


CE 
8192 

XI 


/ 


I i 


^ 


i i 


' t_ 























T 


M 


TRACE 


MEMORY 




2048x66 




CYCLE COUNTER 
CC 



CYCLE COUNTER ENABLE BIT MEMORY 
SYNC OUTPUT BIT MEMORY 
INSTRUCTION EXECUTED BIT MEMORY 
TRACE ENABLE BIT MEMORY 
BREAKPOINT BIT MEMORY 

TRACE POINTER 
TP 



24 



FB 



FINAL 
BUFFER 



210x8 



BLK 

BLOCK 
MEMORY 

8192x1 
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MAJOR MEMORY OPERATIONS 

1. Code memory 

The code memory is an 8192 x 8-bit RAM area 
which corresponds to the OLMS-64 masked 
ROhA area where user programs are stored. 
(The MSM6404 ROM capacity is 4000 bytes) 

2. Data memory 

The data memory is a 256 x 4-bit RAM area corres- 
ponding to the MSM6400E RAM area. 

3. Instruction executed bit memory 

This memory is an 8192 x 1-bit RAM area which has 
addresses identical to the code memory. When a 
code memory program is executed, the bits corres- 
ponding to the excuted addresses are set to "1". The 
program flow can thus be determined by checking the 
contents of this memory. 

4. Break point bit memory 

The break point bit memory is also an 8192 x 1-bit 
RAM area which has addresses identical to the code 
memory. If a particular bit in this memory Is "1", pro- 
gram execution Is suspended immediately after the 
code memory contents corresponding to that bit are 
executed. 

5. Trace enable bit memory 

The trace enable bit memory is another 8192 x 1-bit 
RAM area which has addresses identical to the code 
memory. If a particular bit in this memory is "1", port/ 
register contents, etc., are stored In the trace 
memory when the code memory contents 
corresponding to that bit are executed. 



6. Sync ouput bit memory 

The sync output bit memory is another 8192 x 1-blt 
RAM area which has addresses Identical to the code 
memory. When the code memory contents are exe- 
cuted, the corresponding bits In the sync output 
memory are checked, and If a "1 " bit is found, an out- 
put sync signal (active LOW) is passed to the probe 
terminal. 

7. Cycle counter enable bit 

The cycle counter enable bit memory Is also another 
8192 X 1-bit RAM area which has addresses identi- 
cal to the code memory. When the code memory 
contents are executed, the corresponding bits in the 
cycle counter enable bit memory are checked, 
and if a "1" bit is found, the cycle counter is 
counted up In step with that machine cycle. 

8. Probe comparison register/probe mask 

The conditions for generating a break by input data 
from the probe (probe match break) can be changed 
by altering these two settings. 

9. Initial/final buffers 

These two memories are 210 x 8-blt RAM areas 
used to store the initialized settings of the MSM6400E 
evaluation chip or the MSM6400E status Immediately 
after a break when real-time emulation is executed. 

10. Trace memory 

The trace memory is a 2048 x 66-blt RAM area used 

to store traced data. 

The trace Instruction is given by the trace enable bit. 
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LIST OF DEBUGGING COMMANDS 



Load, save, and Verify Commands 




LOD [dr : ] filename ^ 

SAV [dr : ] filename [address, address] ^ 

VER [dr : ] filename [address, address] ^ 


Load programs into code memory 
Save code memory program 
Verify file with code memory 


EPROM Commands 


' 


PPR address, address [, address] J 
TPR address, address [, address] J 
VPR address, address [, address] J 


Program Code Memory into EPROM 
Transfer EPROM into Code Memory 
Verify EPROM with Code Memory 


Commands Used to Display/Change Internal Status of Evachip 


PC 


DPC 

CPC address.^ 


Display Program Counter 
Change Program Counter 


SP 


DSP^ 
CSPdata^ 


Display Stack Pointer 
Change Stack Pointer 


AC 


DAC-^ 
CACdata<^ 


Display Aoc 
Change Ace 


CY 


DCY<^ 
CCYdata.^ 


Display Carry Flag 
Change Carry Flag 


HL 


DHL.^ 
CHLdata^ 


Display H-L Registers 
Change H-L Registers 


FR 


DFR^ 
CFRdata<^ 


Display Flag Register 
Change Flag Register 


P0~P8 


DPn^ (n = 0,1, 2, 3,... 8) 
CPndata.^ (n = 0, 1,2,3,...8) 


Display Port n 
Change Port n 


P9 


DCMR J 
CCMRdata<^ 


Display Counter Mode Register (port 9) 
Change Counter-Mode Register 


PA 


DSMR.^ 
CSMR data J 


Display Shift Mode Register (port A) 
Change Shift Mode Register 


PB 


DCFR 

* Change CFR command is not permitted 


Display Control Flag Register (port B) 


PC 


DEIF^ 
CEIFdata^ 


Display Enable Interrupt Flag (port C) 
Change Enable Interrupt Flag 


PD 


DIRQ 

* Change IRQ command is not permitted 


Display Interrupt Request Flag (port D) 


MEI 


DMEI^ 
CMEIdata^ 


Display Master Enable Interrupt Flag 
Change Master Enable Interrupt Flag 




D^ 


Display all internal status ^ 


Data & Code Memory Display, Change, and Fill Commands 


DM 


DDM address [, address] J 
CDM address ^ data data. . . J 
FDM address, address, data J 


Display Data Memory 
Change Data Memory 
Fill Data Memory 


CM 


DCM address [, address] J 
CCM address J data data. . . J 
FCF address, address, data J 


Display Code Memory 
Change Code Memory 
Fill Code Memory 
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Attribute Memory Display, Enable, and Reset Commands 


BP 


DBP address [, address] ^ 
EBP address ,address]V 
RBP address [, address J 


Display Break Point Bits Memory 
Enable Break Point Memory 
Reset Break Point Bits Memory 


TR 


DTR address [, address] J 
b 1 H address , address] J 
RTR address [, address] ^ 


Display Trace Enable Bits Memory 
Enable Trace Enable Bits Memory 
Reset Trace Enable Bits Memory 


IE 


DIE address [, address J 
RIE address [, address J 


Display Instruction Executed Bits Memory 
Reset Instruction Executed Bits Memory 


CE 


DOE address [, address] ^ 
ECE address [, address] J 
ROE address [, address] J 


Display Cycle Counter Enable Bits Memory 
Enable Cycle Counter Enable Bits Memory 
Reset Cycle Counter Enable Bits Memory 


SO 


DSO address [, address] J 
ESO address [, address]V 
RSO address [, address] J 


Display Sync Out Enable Bits Memory 
Enable Sync Out Enable Bits Memory 
Reset Sync Out Enable Bits Memory 


Trace Memory Display Commands 


TM 


DTM 
DTL 


Display Trace Memory 
Display Trace List 


Other Hardware Display and Change Commands 


CC 


DCC^ 

CCC number J 


Display Cycle Counter 
Change Cycle Counter 


BC 


DBC ^ 

SBC [[±] mnemonic, ...] 


Display Break Condition Register 

Set Break Condition Register 

mnemonic means one of following key words 

here. 

BB Break at Break Point 

XB External Break 

CO Cycle Counter Over Flow 

TF Trace Memory Full 

PM Probe Match 

HS HALT/STOP Instruction Executed 


BS 


DBS^ 


Display Break Status Register 


PM 


DPM^ 
CPMdata^ 


Display Probe Mask Register 
Change Probe Mask Register 


CR 


DCR^ 
OCR data ^ 


Display Probe Compare Register 
Change Probe Compare Register 


EM 


DEM 

GEM mode-ref ^ 


Display Execution Mode Register 
Change Execution Mode Register 
mode-ref means one of following keywords 
here. 

IF IB TOFB 

IN IB TONON 

NN NON TONON 

NF NON TOFB 

f^F FB TOFB 


BLK 


DBL address [, address] J 
SPB address [, address] ^ 
SDB address [, address] ^ 


Display Block Memory 

Set Block Memory into Program Block 

Set Block Memory Into Data Block 


BANK 


BANK 1 or 2 


Set Attribute Memory Bank Register 
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Initial Buffer & Final Buffer 




DIB^ 


Display Initial Buffer 




DFB.^ 


Display Final Buffer 




01 key-word data ^ 


Change elements of Initial Buffer 
key-word...AC, HL, FR, SMR; CMR, MEI, 
EIF,CY, Pn(n=0, 1,3,4, ...,8) 


IB 


CIDM address ^ data data... J 


Change Initial Buffer Data Memory 


FB 


CF key-word data <^ 


Change elements of Final Buffer 
key-word...AC, HL, FR, SMR, CMR, MEI, 
EIF,CY,Pn(n=0, 1,3,4,...,8) 




CFDM address data data. . . J 


Change Final Buffer Data Memory 




FIDM address, address, data ^ 


Fil Initial Buffer Data Memory 




FFDM address, address, data J 


Fill Final Buffer Data Memory 


Assemble & Disassemble Commands 




ASM address^ mnemonic...^ 


Assemble to Code Memory 




DASM address [, address] J 


Disassemble to Console 


Emulation Commands 




G [start-address] [, break-parameter, \J 


Go (Start Real Time Emulation) 




GD [start-address] [, break-parameter, ] J 


Go Direct (Start Real Time Emulation) 
break-parameter format is shown below 

1) address 

2) asddress(n) 

3) addres (n) & address (m) 

4) addres RAM (address - data) 
1 < n, m < 65535 




STP [number] [, address] J 


Start Step Execution 


Other Commands 




@ [-n]<^ (n = 1,2, ,9) 


Command - Repeat 




HELP^ 


Display Help File (EASE 64, HLP 




EXIT^ 


ExittoCP/M 




RES<^ 


Reset EASE 6400 system 




RESE^ 


Reset Eva - chip (MSM 6400E) 




SIOHorF ^ 


Set I/O Mode 




DEV^ 


CH2 port Output Control 




ST mnemonic ^ 


Family Set 




FDD[dr... dr] ^ 


Flopy Disk Unit Set 




DIR[dr:]^^ 


Display file directory 
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EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

for the 
MSM6502 CMOS 4-Bit, 1-Chip Microcontroller 

EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

The EASE6502 Program Development Support System has been specifically designed for rapid and efficient 
program development of Okl's MSM6502 CMOS 4-bit, 1 -chip microcontroller. 




FEATURES 

1. Connecting the MPB6502 Evaluation Board 
to a host computer or to an I/O terminal such 
as a CRT terminal includes an RS232C 
interface circuit. All debugging operations 
can be entered from the console keyboard. 

2. Executes user programs with the trace in real 
time or in single step mode. 

3. Mass storage user program area (4K bytes). 

4. Six types of break conditions, including 
execution address and machine cycle 
counter. 

5. EPROM programmer (for 2716, 2732, 2732A) to 
enable programming, transfer, and verifing with 
user program area contents. 

6. The same operation as the MSM6502, 
because OKi designed the original evaluation 
chip(MSM6502E). 

7. Built-in system diagnostic program. 

HOST COMPUTER REQUIREMENTS 

1 . Operating system is one of the follows. 

(1 ) CP/M®-80 (ver 2.0 or later) 

memory capacity of the host computer 
must be sufficient to run at least 52K 
CP/M. 

(2) MS-DOS<^ (ver 1 .25, ver2.1 1 ) 

(3) PC-DOS® (ver 1 .25, ver2.1 1 ) 

2. At least one RS232C communication port is 
implemented. 

3. Data transfer is performed through RS232C 
communication port using BDOS function 
call 6 on condition that console device Is 
assigned to TTY:. 

COMMUNICATION WITH HOST 
COMPUTER 

ICs used 

• Communication interface MSM82C51A 

• Driver/receiver SN75188N, SN75189N 
Transmission format 

• 110 to 9600 bps (selectable) 

• 8 bits, 2 stop bits, non-parity 
7 lilts, 2 stop bits, even parity 

7 bits, 2 stop bits, odd parity (selectable) 



SYSTEM CONFIGURATrON 

The EASE6502 Program Development Support 
System consists of the EASE6502 Emulator (a 
high performance program emulator which 
includes the EASE65 Host Monitor, the 
MPB6502 Evaluation Board, and the host 
computer) and the ASM6502 Assembler. With 
the MPB6502 Evaluation Board connected 
online to the host computer equipped with an 
RS232C interface, the system covers all 
operations from assembly of the source program 
through to program evaluation and debugging. 



User's application 
circuit 



T> 



^ 



EASE65 
ASM6502 

FDD 



MPB6502 
Evaluation Board 



<^ 



7T 



±L 



Host 
computer 



<=:^ 



^ 






External 
power 
supply 



C^ 



+5V +12V -12V 
(4.5A) (0.2A) (0.2A) 



C^ 



Note: CP/M is the registered trademark of Digital Research 
Inc. (U.S.A.) 

EASE65 and ASM6502 for MS-DOS, PC-DOS 
are optional softwares. 
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ASM6502 ASSEMBLER 

The ASM6502 is a floppy disk based high-performance assembler. 

This assembler is used to translate source files generated on disk by using an editor (available on the 
market), thereby generating object files (Intel HEX format), assembly list files, and cross-reference 
list files on the specified devices. 



FEATURES 

1 . Free descriptive format source files 

2. Capacity to describe up to ten types of arithmetic 
in the source program operand field 

3. Ability to specify the number of characters per line 
and the number of lines per page in assembly 
list files 

4. Cross-reference list file generation capacity 

5. 1 3 types of powerful pseudo-instructions available 

6. Object codes where all page jump instructions and 
inter-page jump instructions are assigned 
automatically can be obtained by branch pseudo- 
instructions 

7. Control of assemble list file outputs by LIST or 
NLST pseudo-instruction 



LIST OF PSEUDO-INSTRUCTIONS 



Pseudo- 
instruction 


Function 


EQU 


Assign the operand value to the name. 


SET 


Same as EQU pseudo-instruction, but 
with redefinition capacity 


ORG 


Define assembler location counter. 


END 


Terminte assembly 


B 


Automatic conversion to all-page or 
inter-page jump instruction after check- 
ing branch destination 


DB 


8-bit data or ASCII character string 
definition 


DS 


Reserve n bytes area of uninitialized 
storage 


NSE 


Setting of in the 4 lower order bits of 
the assembler location counter, and 
addition of 16. The NOP instruction is 
assigned to blank areas where no 
machine language instruction has been 
assigned. 


DATE 


Insertion of date in assemble list title 


PAGE 


Execute page eject 


TITL 


Insert assemble list title 


LIST 


Turn on assemble list output 


NLST 


Turn off assemble list output 
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EASE6502 EMULATOR 



Consisting of a host computer and the MPB6502 Program Evaluation Board, the EASE6502 Emulator 
supports a wide range of development debugging operations efficiently and effectively. MSM6502 
application programs can be debugged without user application circuits just as easily as completed 
systems. 

FEATURES 




1. Real-time tracing function does not effect 
execution time. 

The MPB6502 Evaluation Board incorporates a real- 
time trace area for 2048 machine cycles. When trac- 
ing for a particular user program area address has 
been set, the port, HL register, and MEI flag status 
are traced each time the specified address is executed. 

2. Execution time measurement 

The user program execution time can be measured 
by using the cycle counter on the MPB6502 Evalua- 
tion Board. (Max. 1 6,777,21 5 cycles) 
This counter can also be used as a pass counter 
to indicate the number of times a specified 
address is executed. Emulation can be stopped 
after a specified address has been executed a 
specified number of times. 

3. IVIass storage user program area 

With a 4096-byte static RAM area in the 
MPB6502 Evaluation Board for use as a user 
program area, there is no problem with 
inadequate memory area during debugging. And, 
heedless to say, user programs can be 
loaded/saved from the host computer. 
Furthermore, with an EPROM programmer 
Included on this board, the user program area 
contents can be written into EPROMs, and the 
EPROM contents can be read out. 

4. Ample break functions 

The emulator can suspend (break) program execu- 
tion by any of the following six brteak conditions. 

a) Breakpoint break 

Break upon execution of specified address. (Any 
address may be specified.) 

b) External break 

Break by application of external break signal. 

c) Halt Instruction break 

Break by execution of HALT instruction. 

d) Trace buffer full break 

Break when overflow of trace area occurs. 

e) Cycle counter overflow break 

Break when overflow of cycle counter occurs. 

f) Probe match break 

Break when probe data matches set data. 



5. Extensive range of debugging commands 

In addition to display/updating of all register, port, and 
RAM contents, the following commands enable all 
debugging operations to be executed efficiently. 

a) User program execution 

Input format: 
STP number of instructions, start address 

Input of this command results in the specified 
number of instructions in the user program being 
executed from the specified address (start 
address). 

And if the terminal to be used to display the con- 
tents has been specified by SDF command at this 
time, the display can be put into an easy to read 
format. 



Input format: 
G start address, break address (n) 

Input of this command results in the user program 
being executed from the specified address (start 
address). Emulation is subsequently stopped 
when the specified address (break address) is 
executed n times. 

Note: Program execution is suspended temporarily each 
time the specified address is executed. 



Input format: 
G start address, 
(address-n) 



break address RAM 



Input of this command results in the user program 
being executed from the specified address (start 
address). Emulation is subsequently stopped if 
the contents of the specified RAM address are n 
when the specified address (break address) is 
executed. In this case, too, program execution Is 
suspended temporarily whenever the specified 
address is executed. 
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b) Use of floppy disks 



Input format: 
LOD filename 



Input of this command enables the specified file 
contents (user program) to be loaded into the 
MPB6502 Evaluation Board code memory which 
serves as the MSM6502 masked ROM area. 



Input format: 
SAV filename start address, end address 

Input of this command enables the contents of the 
specified range of code memory to be saved at 
the specified filename. 



Example: 

*DDM 0, 1F ^ 

in I M 

ab c d e f 



denotes wait for command input from emulator 

denotes display of contents of specified registter/ 

memory/board 

data memory (equivalent MSM6502 RAM area) 

designation 

start address of contents to be displayed 

end address of contents to be displayed 

carriage return denoting end of command input 



Input format: 
DIAG filename 



Input of this command enables execution of com- 
mands within the specified file automatically. 
This execution can be suspended temporarily by 
using the PAUSE command. 



Input format: 
LIST filename 
NLIST 



If the list command is entered, the emulator creat 
the CP/M file and write into it the any characters 
which are output to the console till entering the 
NLST command. 

c) Instruction executed bit memory 

The EASE6502 Emulator includes an 
instruction executed bit memory which indicates 
which user program addresses have been exe- 
cuted. Program flow can be known by examina- 
tion of the contents of this memory. 

6. Easy to remember command format 

The MPB6502 Emulator debugging commands con- 
sist of command mnemonics followed by parameters 
(address or mnemonic). 
Command mnemonic configuration 

a) First character 

Stand for the emulator function (display/update) 

b) Second and following characters 

Represent one of the MPB6502 Evaluation Board 
or the MSM6502E evaluation chip element (regis- 
ter, memory or port name). 
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EASE6502 EMULATOR MEMORY CONFIGURATION 

The EASE6502 emulator memory area which can be used by the user is outlined in the following diagram. The 
sections enclosed in boxes represent the register and memory areas which can be accessed from the host 
computer keyboard, and which can be displayed/updated by debugging command. 



VM 



VERIFY 
MEMORY 



4096x8 



DM 

DATA 
MEMORY 

128x4 



INSTRUCTION EXECUTED BIT MEMORY 



TRACE ENABLE BIT MEMORY - 
BREAKPOINT BIT MEMORY - 



CM 

CODE 
MEMORY 



4096x8 



SG 

SEGMENT 

DATA 
MEMORY 

208x8 



J 



SYNC OUTPUT BIT MEMORY 

r- CYCLE COUNTER ENABLE BIT MEMORY 



4096x5 



TM 
TRACE MEMORY 

2048x66 



TRACE POINTER 



TP 



11 



CYCLE COUNTER 



CC 



24 



PROGRAM 

COUNTER ACCUMULATOR 




HL 
REGISTER 



STACK 
POINTER 



INSTRUCTION 
DATA 



PC ,2 


AC , 




PORT 2 




SP , 




^° 8 
PORTS 


PORTO 


PORT1 






PORT 3 




PORT 4 




PO 4 






P2 , 




'' 3 




"■' 4 







CARRY 



CY 



MEI FLAG 



INDEX 
REGISTER 



MEI ^ 


IDR 

8 



EMULATION 
MODE 



EM 



PROBE 
COMPARE 
REGISTER 



CR 



PROBE 
MASK 

PM 



EXTERNAL 
PROBE 



BREAK 
CONTROL 
REGISTER 



BREAK 

STATUS 

REGISTER 



XP 8 ^6 


BS g 



IB 

INITIAL 
BUFFER 

139x8 



FB 

FINAL 
BUFFER 

139x8 



BLK 

BLOCK 
MEMORY 

4096x1 
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MAJOR MEMORY OPERATIONS 

1. Code memory 

The code memory is an 4096 x 8-bit RAM area 
which corresponds to the MSM6502 masked ROM 
area where user programs are stored. 
(The MSM6502 ROM capacity is 2000 bytes) 

2. Data memory 

The data memory is a 128 x 4-bit RAM area corres- 
ponding to the MSM6502 masked RAM area. 

3. Verify memory 

The verify memory is a RAM area with addresses 
Identical to the code memory. When a user program 
is loaded into the code memory Identical contents are 
also set in this memory. 

Comparrlson of this memory with the code memory 
enables the operator to determine what sections of 
the user program have been changed after loading. 

4. Instruction executed bit memory 

This memory is an 4096 x 1 -bit RAM area which has 
addresses identical to the code memory. When a 
code memory program is executed, the bits corres- 
ponding to the executed addresses are set to "1". 
The program flow can thus be known by checking the 
contents of this memory. 

5. Break point bit memory 

The break point bit memory is also an 4096 x 1 -bit 
RAM area which has addresses identical to the code 
memory. If a particular bit in this memory is "1", pro- 
gram execution is suspended immediately after the 
code memory contents corresponding to that bit are 
executed. 

6. Trace enable bit memory 

The trace enable bit memory is another 4096 x 1 -bit 
RAM area which has addresses identical to the code 
memory. If a particular bit in this memory is "1 ", port/ 
register contents, etc., are stored in the trace 
memory when the code memory contents corre- 
sponding to that bit are executed. 

7. Sync ouput bit memory 

The sync output bit memory is another 4096 x 1-bit 
RAM area which has addresses identical to the code 
memory. When the code memory contents are exe- 
cuted, the corresponding bits in the sync output 
memory are checked, and if a "1 " bit is found, an out- 
put sync signal (active LOW) is passed to the probe 
terminal. 

8. Cycle counter enable bit 

The cycle counter enable bit memory is also another 
4096 X 1-bit RAM area which has addresses identi- 
cal to the code memory. When the code memory 
contents are executed, the corresponding bits in the 
cycle counter enable bit memory are checked, and if 
a "1" bit is found, the cycle counter is counted up in 
step with that machine cycle. 



9. Probe comparl register/probe mask 

The conditions for generating break by input data 
from the probe (probe match break) can be changed 
by altering these two settings. 

10. Segment data memory 

The segment data memory is a 208 x 8-bit RAM 
area with coordinates thru 7 on the vertical axis and 
A thru Z on the horizontal axis. This memory is used 
to display the status of each bit of the MSM6502 RAM 
liquid crystal display area at the specified coordinate 
and by the specified character. 
Displaying the status of this memory provides an 
image of the liquid crystal display status. 

11. Initial/final buffers 

These two memories are 139 x 8-bit RAM areas 
used to store the initialized settings of the MSM6502E 
evaluation chip or the MSM6502E status immediately 
after a break when real-time emulation is executed. 

12. Trace memory 

The trace memory is a 2048 x 66-bit RAM area used 

to store traced data. 

The trace instruction is given by the trace enable bit. 
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DEBUGGING COMMAND TABLE 



D 



Load, Save, and Verify Commands 


1. LOD dr: filename 


Load Program into Code Memory 
Save Code Memory Program 


2. SAV dr: filename address, address] 


3. VER [dr: filename [adress, address] 


Verifly File with Code Memory 


4. LSG dr:] filename address, address] 


Load Segment data 


5. SSG [dr:] filename 


Save Segment data 


6. VCM address [.address] 


Verify Code Memory with Verify Memory 


EPROM Commands | 


1. PPR address, address [.address] 


Program Code Memory into EPROM 
Transfer EPROM into Code Memory 


2. TPR address, address 


3. VPR address, address [.address] 


Verify EPROM with Code Memory 


Display Commands | 


1. D 


All Register, Flag, Port 


2. DAC 


Ace Register 


3. DHL 


HL Register 
Carry Flag 


4. DCY 


5. DSP 


Stack Pointer 


6. DLD 


LCD Driver ON/OFF status (Port 4-0 bit) 


7. DEI 


Enable Interupt Flag (MEI, TBC El, ext. INT El) 


8. DPn 


PortN(n=0,1,2,3,4) 


9. DPC 


Program Counter 


10. DCC 


Cycle Counter 


11. DCR 


Probe Compare Register 


12. DPM 


Probe Mask Register 


13. DBC 


Break Condition 


14. DBS 


Break Status 


15. DEM 


Emulation Mode 


16. DIB 


Initial buffers Final buffer 


17. DFB 


Final buffer & Initial buffer 


18. DSG 


Segment Data Status 


19. DBP address 


, address 


Break Point Bit Memory 

Cycle Counter Enable Bit Memory 


20. DCE address 


, address 


21. DSO address 


, address 


Sync Output Enable Bit Memory 


22. DIE address 


. address 


Instruction Executed Bit Memory 


23. DTR address 


, address 


Trace Enable Bit Memory 


24. DDM address 


, address 


Data Memory (M6502E Internal RAM) 


25. DCM address 


, address 


Code Memory 


26. DVM address 


, address 


Verify Memory 


27. DTM tp-address, line-number 


Trace Memory 


28. DTL -number, line-number 


Trace List 


Change Commands | 


1. CAC data 


Ace Register 


2. CHL data 


HL Register 


3. CCY Oorl 


Carry Flag- 


4. CSP data 


Stack Pointer 


5. CLD oorl 


LCD Driver ON/OFF Status 


6. CEI [data] 


Enable Interrupt Flag 


7. CIR data 


Index Register 


8. CPn data 


Port n (n=0, 1 , 3. 4, 5) 


9. CPC address 


Program Counter 


10. CCC (+or-) data 


Cycle Counter 


11. CCR data 


probe Compare Register 


12. CPM data 


Probe Mask Register 


13. CBZ Oorl 


Buzzer Output Select Hard or Soft 


14. CEM mode 


Emulation Mode 




*mode* 




IF IB to FB 




IN IB to NON 




NN NON to NON 




NF NON to FB 




FN FB to NON 


15. CI key-word data 


Initial Buffer 


16. OF key-word data 


Final Buffer 


17. CSG 


Segment data 


18. COM address 


Code Memory 


19. CDm address 


Data Memory (M6502E Intemal RAM) 


20. BANK on 


Attribute Memory Bank 
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Enable Commands 



1. EBP 

2. ECE 

3. ESO 

4. ETR 



address [.address 
address [, address 
address [.address 
address [.address 



Break Point Bit Memory 
Cycle Counter Enable Bit Memory 
Sync Output Enable Bit Memory 
Trace Enable Bit Memory 



Reset Commands 



1. RBP 

2. RCE 

3. RIE 

4. RSO 

5. RTR 

6. RES 

7. RES 



address [.address] 

address [.address] 

address [, address] 

address [, address] 

address [.address] 
E 



Break Point Bit Memory 
Cycle Counter Enable Bit Memory 
Instruction Executed Bit Memory 
Sync Output Enable Bit 
Trace Enable Memory 
M6502E Eva-chip 
MPB6502 Board 



Fill Commands 



1. FCM address, address, data 

2. FDM address, address, data 

3. FIDM address, address, data 

4. FFDM address, address, data 



Code Memory 
Data Memory 
Initial Data Memory 
Final Data Memory 



Emulation Commands 



1. G [st-address] [, break-parameter, — ] Begin Emulation 

2. GD [st-address] [. break-parameter. — -] Begin Emulation 

If the optional st-address is given, emulator will begin emulation from st-address. And if optional break- 
parameter is given, emulation will break on the first break-parameter to be satisfied. 

Break-parameter = break-address 

= break-address (pass count) 

= break-address (pass count) & break-address (pass count) 

= break-address RAM (RAM address-data) 

3. STP [number] [, st-address] Single Step 



Other Commands 



1. ASM 


address 




Assemble to Code Memory 


2. DASM 


address [.address] 




Disassemble to Console 


3. LIST 


[dr.] filename 




List Console Output into Disk File 


4. NLST 






End listing 


5. DBLK 


address .address 




Display Block Memory 


6. SPB 


address .address 




Set Program Block 


7. SDB 


addres [.address] 




Set DB Block 


8. SIO 


ForH 




Set Emulator to I/O terminal mode 


9. EXIT 






Return to CP/M 


10. PAUSE 






Stop Command File Execution 


11. DIAGI 






Start Sell Check Program 
Execute Command File 


12. DIAG 


[dr:] filename 




13. @ [-n] 






Repeat Command 


14. HELP 






Display HELP File 


15. SBC 


(+ or -) mnemonic 


[. (+ or -) mnemonic. — ] 








Set/Reset Break Condition Register 






* mnemonic* 








BB 


Break when Break Point Reached 






XB 


External Break 






CO 


Break on Cycle Counter Overflow 






TF 


Break when Trace Buffer Full 






PM 


Break on Probe Match 






HT 


Break on HALT Instruction 


16. SDF 


(+ or -) mnemonic 


[, (+ or -) mnemonic. — ] 








Set/Reset Dump Format 






<CONTROLKEY> 


1. DEL 




Delete the last character entered 


2. Cntrl/C 




Return to CP/M 


3. Cntrl/P 




Copy all subsequent console output to the currently assigned list device 


4. Cntrl/Q 




Continue nomnal dispaly 


5. Cntrl/S 




Stop display 




6. Cntrl/R 




Echoe current input line 


7. ESC 




Abort any command inprogress 


8. @ [-n] 




Repeat the command 



Note: The MSM6502 RAM area corresponds to the EASE6502 Emulator data memory, and the mask ROM corresponds to 
the code memory. 
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A>EftSE65 




<< EASE65 >> Preliminary ttl.O 




Sep. 3,1983 OKI electric in<i.co.,ltd 




Now, start up M P B 6 5 2 board. 




**** HARD WARE SELF CHECK **** 




[ NORMAL END ] 




<< MPB6502 EMULATOR PRELIMINARY »1.5 >> 




COPYRIGHT OKI ELECTRIC IND. CO., LTD. 1984 




ACTIVE BREAK CONDITION ---> BREAK POINT BREAK 




HALT INSTRUCTION BREAK 




** NOW DE V I CE NO . = A , B ** 




[ KEY IN OTHER DEVICE NO . ] 




[PRESENTED DEVICE NO . =A:B: 3 




* D lAG INIT1 . 




* ; INITIAL IZATION START 




* FCM * 




* LSG PIC. DAT 




SGRAM SET-UP COMPLETED 




* LOD RAMSET 




LOAD COMPLETED NEXT ADDRESS=0020 




* L 1ST CRT.LST 




* ; NOW INITIALIZATION END AND LIST START 




DIAGCOMMANDEND 




* gd 0, if 




BANK : 1 EXECUTION MODE : NON TO NON 




(RESET TRACE POINTER) 




** EMULATION GG ** 




PARAMETER =001F( 0) 




ADDRESS BREAK 




[BREAK PC=01F NEXT PC=020] 




[NEXT TRACE PO INTER = 1 7] 




* D D M , 3 




L0C=03-00 5 5 5 2 




* DTM 4,3 




L0C = 012 82 LAI 2 P R T ( - 2 ) = F F HL = 00 CY = MEI = XP = FF 


TP = 4 


L0C = 013 B4 LMA P R T ( - 2 ) = F F HL = 00 CY=O.MEI = XP = FF 


TP = 5 


L0C=014 11 INL PORT(0-2) =FFO HL=00 CY=0 MEI=0 XP=FF 


TP = 6 


* DIE 0, 20 




L0C=0OO 1100 0000 0000 0000 1111 Mil 1111 1101 




LOC=020 




* DASM 0,13 




L0C = 000 5F D I 




L0C=001.D0 JCP010 




L0C=002 DB 00 00 00 00 00 00 00 00 00 00 00 00 00 00 




LOC = 010 6A00 LHL I 00 




L0C=012 82 LAI2 




L0C=013B4 LMA 




* NLST 




* EXIT 




A > 





376 



-• EASE6502 • 



EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM 
for the MSM6502 CMOS 4-BIT 1-CHIP MICROCONTROLLER 



Category 


Model 


Title 


Hardware 


MPB6502 


4-bit 1-chip microcontroller evaluation board 


Software 


EASE65 


Floppy disk based host monitor* 


ASM6502 


Floppy disk assembler* 


Manual 


TM-6502 


EASE6502 Development Support System - User's Manual 


Accessories 


TCU-6502 


User application circuit connection cables 


TCS-1 


Host CP/M® computer connecting cables (for ifSOO model 1 0/20/30) 


TCP-1 


Power supply cables (+5V, 4.5A) (+12V, 0.2A) (-12V, 0.2A) 


TCX-1 


External probe cables 


TCC-1 


Board connecting cables 



* Available underfollowing operating system 

• CP/M-80 (ver 2.0 or later) 

• MS-DOS (ver 1 .25, ver 2.11) 

• PC-DOS (ver 1 .25, ver 2.1 1 ) 

OPTIONS 



Option name 



MPB6502 EVA 
Board 



Remarks 



A simplified evaluation board consisting of the MSM6502E plus EPROM sockets, 
and designed for the MSM6502. Programs are evaluated by inserting the EPROM 
where the user program is stored into an EPROM socket. 
Dimensions: 160 x 127 (mm) 




377 



EASE 80C49 PROGRAM DEVELOPMENT SUPPORT SYSTEM 

for 
MSM80C48RS/MSM80C49RS/MSM80C50RS CMOS 8-Bit Microcontrollers 



EASE80C49 PROGRAM DEVELOPMENT SUPPORT 
SYSTEM 

The EASE80C49 Program Development Support System tias been specifically designed for rapid and 
efficient program development of Oki's MSM80C48RS, MSM80C49RS and MSM80C50RS CMOS 
8-bit, 1 -chip microcontrollers. 




FEATURES 

1 . In-circuit emulation when connected to an RS232C 
Interface equipment host computer or to an 
input/output device such as a CRT terminal. 

2. 4K byte user program area available for code 
transfer to/from floppy disk, collation/updating of 
area contents, and continuous/step execution. 

3. Eight types of break conditions (for interruption 
of emulation) including execution address and 
machine cycle counter. 

4. EPROM programmer (for 2716, 2732, 2732A) to 
enable writing, transfer, and comparison of user 
program area contents. 

5. User program debugging operations directed by 
debug commands entered from the keyboard of 
the connected input/output device. 

6. Built-in system diagnostic program. 

HOST COMPUTER REQUIREMENTS 

1 . Operating system is one of the follows. 

(1 ) CP/M^'-80 (ver 2.0 or later) 

memory capacity of the host computer 
must be sufficient to run at least 52K 
CP/M. 

(2) MS-DOS® (ver 1 .25, ver2.1 1 ) 

(3) PC-DOS® (ver 1 .25, ver2.1 1 ) 

2. At least one RS232C communication port is 
Implemented. 

3. Data transfer is performed through RS232C 
communication port using BDOS function 
call 6 on condition that console device is 
assigned to TTY:. 

MPB800 EVALUATION BOARD DATA 
TRANSFER SYSTEM 

ICs used 

• Communication interface MSM82C51A 

• Driver/receiver SN75188N, 

SN75189N 
Transmission format 

• 110 to 9600 bps (Switchable) 

• 8 bits, 2 stop bits, non -parity 



SYSTEM CONFIGURATION 

The EASE80C49 Program Development Support 
System consists of the EASE80C49 Emulator (a high 
performance program emulator which includes the 
EASE49 Host Monitor, the MPB800 Evaluation 
Board, and the host computer) and the ASM-49 
Assembler. 

With the MPB800 Evaluation Board connected 
online to the host CP/M computer (such as an 
ifSOO) equippped with an RS232C interface, the 
system covers all operations from assembly of 
the source program through to program 
evaluation and debugging. 



User's application 
circuit 



• EASE49 

• ASM49 



MPB800 
Evaluation Board 



C=> 



Host 
computer 



<=> 



£ 



\7 



External 
power 
supply 



+5V +12V -12V 
(4.5A) (0.2A) (0.2A) 



C3j 



Note: CP/M is a registered trademark of Digital 
Research Inc. (U.S.A.) 

When the EASE80C49 is used on the 
MSM80C50, the MSM80C39 evaluation chip 
on the emulation board is to be replaced by 
MSM80C40. 

EASE49 and ASM-49 for PC-DOS, MS-DOS are 
optional softwares. 
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ASM-49 CROSS-ASSEMBLER 



The ASM-49 is a floppy disk based high-performance assembler. 

It translates source files generated on disk by using an editor, thereby generating object code files and 

assembly list files. 



LIST OF PSEUDO-INSTRUCTIONS 



FEATURES 

1 . Free descriptive format source files 

2. 35 types of powerful pseudo-instructions 
available for assembler control purposes 

3. Macro definition ability 

4. 1 1 types of pseudo-instructions to enable 
conditional assembly 

5. Assembly repetition processing (loop processing) 

6. Determination of variable values in the 
source program by Input from a console 
during assembly, and linking to existing 
source programs. (INPUT and LINK pseudo- 
instructions) 

7. Capacity to describe up to 1 3 types of operators in 
the source program operand column 



Pseudo-instructions 


Function 


ORG Expression 


Location counter value defined 
asnnn. (Expression =nnn) 


DS Expression 


Reserves memory area for n 

number of bytes. The first and 

last byte values may be 

changed. 

Use ORG $+n to prevent 

change of values. 

(Expression =n) 


DW Expression 


16-bit data definition 


DB Expression 


8-bit data or ASCII character 
string definition 


EQU 


Assignment of operand value 
to name 


SET 


Same as EQU pseudo- 
instruction, but with 
redefinition capacity 


IF Expression 


Evaluate expression value, 
and skip to next ENDIF, END 
or EDF (end of file) if result is 
zero. Assemble the next 
instruction if result is not zero. 


NIF Expression 


Evaluate expression value, 
and skip to next ENDIF, END 
or EDF (end of file) if result is 
not zero. 


END Expression 


End of assembly 


MACRO 


Macro definition 


GO TO Label 


Branch the subsequent 
assembly to the destination 
indicated in the label 


REPT Expression 


Denotes repetition block. 
Assembly is executed the 
number of repetitions indicated 
by the expression value. 


REPND 


Definition of end of repetition 
block 


LIST 


Pass option invalidated, and 
output of full assembly list 


NOLST 


Inhibition of assembly list 
outputs apart from error 
messages 


TITLE 


Allocation of title at head of 
assembly list page 
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EASE80C49 EMULATOR 



Consisting of a host computer and the MPB800 Program Evaluation Board, the EASE80C49 Emulator 
supports a wide range of development debugging operations efficiently and effectively. 
MSM80C49RS and MSM80C50RS application programs can be debugged without user application 
circuits just as easily as completed systems. 




FEATURES 

1. Real-time tracing function does not effect 
execution time 

The MPB800 Evaluation Board incorporates a 
real-time trace area for 1024 machine cycles. 
When tracing for a particular user program area 
address has been set, the port, program counter, 
and probe data status are traced each time the 
specified address is executed. 

2. Execution time measurement 

The user program execution time can be measured 
by using the cycle counter on the MPB800 Evalu- 
ation Board. (Max. 1 6,777, 215 cycles) 
This counter can also be used as a pass counter 
to indicate the number of times a specified address 
is executed. 

3. 4096-byte user program area 

A 4096-byte static RAM area in the MPB800 
Evaluation Board is used as a user program area, 
and user programs can be loaded/saved from the 
host computer into this area. Furthermore, 
with an EPROM programmer included on this 
board the user program area contents can be 
written Into EPROMs, and EPROM contents 
can be read. 

4. Ample break functions 

The emulator can suspend (break) program 
execution by any of the following eight break 
conditions. 

a) BB (Breakpoint Break) 

Break upon execution of specified address. 
(Any address may be specified.) 

b) EB (External Break) 

Break by application of external break signal. 

c) CO (Cycle counter Overflow break) 

Break when overflow of cycle counter occurs. 

d) TF (Trace Full break) 

Break when 4097 tracings executed. 

e) PM (Probe Match break) 

Break when probe data matches set data 

f) IF (Instruction Fetch) 

Break when machine code is fetched. 

g) MX (MovX) 

Break by MOVX instruction, 
h) ER (Error code) 

Break if incorrect machine code is fetched. 



5. Extensive range of debugging commands 

In addition to display/updating of all register, port, 
and RAM contents, the following commands 
enable ail debugging operations to be executed 
efficiently. 

a) User program execution 

Input format: 
STP number of instructions, start address 

Input of this command results in the specified 
number of instructions in the user program 
being executed from the specified address 
(start address). 

Input format: 
G [, start address] 

Input of this command results in the user pro- 
gram being executed from the specified address 
(start address). If no start address is specified, 
execution is started from the address indicated 
by the program counter at that time. 

b) Use of floppy disks 

Input format: 
LOA filename 

Input of this command enables the specified file 
contents (user program) to be loaded into the 
MPB800 Evaluation Board code memory which 
serves as the MSM80C49RS/MSM80C50RS 
masked ROM area. 

The same contents can also be loaded into the 
utility buffer by using the LDU command. 

Input format: 
SAV, start address, end address, filename 

Input of this command enables the contents of 
the specified range of code memory to be saved 
at the specified filename. 

c) Instruction excuted bit memory 

The EASE80C49 Emulator includes an instruc- 
tion executed bit memory which Indicates which 
user program addresses have been executed. 
Program flow can be determined by examination 
of the contents of this memory. 
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6. Easy to remember command format 

The MPB800 Emulator debugging commands 
consist of command mnemonics followed by 
parameters (address or mnemonic). 
Command mnemonic configuration 

a) First character 

Denotes the function to be executed by the 
emulator. 

b) Second and following characters 

Name of function to be executed by the 
emulator-that is, MSM80C39 microcomputer or 
MPB800 Evaluation Board register, memory, or 
port name (abbreviation). 

Example: 
*DDMO, 1Fi 

II \i I n 

ab c d e f 
a: denotes wait for command input from emulator 
b: denotes display of contents of specified register/ 

memory/board 
c: data memory (equivalent MSM80C49RS/ 

MSM80C50RS RAM area) designation 
d: start address of contents to be displayed 
e: end address of contents to be displayed 
f : carriage return denoting end of command input 



MAJOR MEMORY OPERATIONS 

1 . Code memory 

The code memory is an 4096 x 8-bit RAM area 
which corresponds to the MSM80C49RS/ 
MSM80C50RS program area (masked ROM) 
where user programs are stored. 

2. Data memory 

The data memory is a 128 x 8-bit RAM area 
corresponding to the data memory (RAM) on the 
MSM80C49RS chip. The data memory area for 
MSM80C50RS is 256 x 8-bits. 

3. Utility buffer 

The utility buffer is a 4096 x 8- bit RAM area used 
in temporary saving from the emulator when a 
load, save, or transfer command is entered. 

4. Break point bit memory 

The break point bit memory is also an 4096 x 1 -bit 
RAM area which has addresses identical to the 
code memory. If a particular bit in this memory is 
"1", program execution is suspended immediately 
after the code memory contents corresponding to 
that bit are executed. 

5. Trace enable bit memory 

The trace enable bit memory is another 4096 x 1 -bit 
RAM area which has addresses identical to the 
code memory. If a particular bit in this memory is 
"1", port and probe data is stored in the trace 
memory when the code memory contents corre- 
sponding to that bit are executed. 

6. Sync output bit memory 

The sync output bit memory is another 4096 x 1 -bit 
RAM area which has addresses identical to the 
code memory. When the code memory contents 
are executed, the corresponding bits in the sync 
output memory are checked, and if a "1" bit is 
found, an output sync signal (active LOW) is 
passed to the probe terminal. 

7. Cycle counter enable bit 

The cycle counter enable bit memory is also 
another 4096x1 -bit RAM area which has 
addresses identical to the code memory. When 
the code memory contents are executed, the 
corresponding bits in the cycle counter enable bit 
memory are checked, and if a "1 " bit is found, the 
cycle counter is counted up in step with that 
machine cycle. 

8. Probe comparison register/probe mask register 

The conditions for generating a break by input 
data from the probe (probe match break) can be 
changed by altering these two settings. 

9. Trace memory 

The trace memory is a 1024 x 56-bit RAM area 

used to store traced data. 

The trace instruction is given by the trace enable 

bit. 
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EASE80C49 EMULATOR MEMORY CONFIGURATrON 

The EASE80C49 emulator which consists of a host CP/M® computer and the MPB800 Evaluation Board has 
been designed for efficient debugging of MSM80C49RS and MSM80C50RS application programs. 
The various sections of the EASE80C49 Emulator which can be used are outlined in the following diagram. 
The sections enclosed in boxes represent the register and memory areas which can be accessed from the 
host computer keyboard, and which can be displayed/update by emulator command. 



INSTRUCTION EXECUTED BIT MEMORY 



TRACE ENABLE BIT MEMORY 
BREAKPOINT BIT MEMORY 



CM 

CODE 
MEMORY 



n 


r 


B T 1 
PRE 


s c 

E 



SYNC OUTPUT BIT MEMORY 

CYCLE COUNTER ENABLE BIT MEMORY 



UB 

UTILITY 
BUFFER 



TM 

TRACE 
MOMORY 




DM 

DATA 
MEMORY 



XM 

EXTERNAL 
MEMORY 



(Option) 



TRACE POINTER 



TP 



CYCLE COUNTER. 



CC 



PROGRAM COUNTER ACCUMULATOR INSTRUCTION DATA PROGRAM STATUS WORD 



PR 



INTERUPT 



VD 



PC 



PROBE 

COMPARE PROBE 

REGISTER MASK 



PM 



EXTERNAL 
PROBE 



XP 





AC 8 




"^ 8 




BF 
RE 


EAK CONTF 
GISTER 


^OL 


BREAK STAT 
REGISTER 


US 




^C 8 




^^ 8 




T 


ESTO TE 


3T1 




PORTO 
(Bus Port) 






TOi 




T 


U 




PO 8 



PS 



TIMER 



ERROR CODE 



EC 



P0RT1 



PORT 2 



P2 



Emulator memory configuration 
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EXECUTION EXAMPLE 

In this sample program, 1 byte is read from port 1 , and a parity check is executed on the first 7 bits. The MSB 
(most significant bit) is set to "1 " if parity is odd parity, and reset to "0" if even parity. The result is then passed 
to port 2. Note that errors have been intentionally included in this program for demonstration purposes. Various 
emulator commands are used to correct the errors. 

It is assumed that the program has already been assembled, and the object code has been stored in hexa- 
decimal format in a file called "PARITY. HEX" in drive A. 



Program list 












,0000 

























1 

3 

5 

7 

9 

A 

c 

c 

c 

c 

E 

F 

11 

12 

13 

15 

16 





9 

5 3 7 F 

1 4 C 
E6 9 
4 3 8 
3 A 

4 A 



BA 8 
9 7 

12 12 
A 7 

7 7 

EA F 

8 3 

ERRORS 






This program reads a byte from Port 1 and checks 
bits thru 6 for parity. If Parity is odd, then 
bit 7 in the byte will be set and the result will 
be output to Port 2. If the Parity is even, bit 7 
will be reset before the byte is output to Port 2. 

* MAIN PROGRAM * 



PARITY 



PAR 1 
WAIT 



PAR 
PAR 2 
PAR 3 



SYMBOL TABLE 
PAR C 



ORG 













IN 






A, P 1 




Input byte from PI 


ANL 






A, # 7FH 




Mask out bit 7 


CALL 






PAR 






JNC 






PAR 1 




Jump if even parity 


ORL 






A. #8H 




Set bit 7 


OUTL 






P2, A 




Output byte to P2 


JMP 






WAIT 








************** 






* 


SUBROUTINES 


* 






* * 


* * 


******** 


* * 




MOV 






R 2, # 8 




Set loop count 


CLR 






C 




Initialize Carry Flag 


JB 






, PAR 3 




Jump if bit = 1 


GPL 






C 




Toggle Carry Flag 


RR 






A 






DJNZ 






R 2 , PAR 2 




Loop 8 times and re 


RET 












END 












9 


PAR 2 


F 


PAR 3 


12 
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A>EASE49 

MPB800 80C49 EMULATOR, VER 4.3 

COPYRIGHT JUNE. 19 82, OKI SEMICONDUCTOR 

* FCM FFF FF - — Code memory is filled with FFH 

* LOA PAR I T Y — Contents of the "PARITY.HBX" file are transferred to the code memory 

* D CM IF Code memory location contents from address OH thru 1 FH are displayed 

000=09 53 7F 14 OC E6 09 43 08 3A 04 OA BA 08 97 12 
010=12 A7 77 EA OF 83 FF FF FF FF FF FF FF FF FF FF 

•EBP A • Break point at address AH is set to "1 ". 

*EBP 17 FFF Break point bits from address 1 7H thru FFFH are st to "1 " 

* D B P 2 F The break point bit status from address OH thru 2FH Is displayed 

00 = 00000 0000100000 
1 = 000000111111111 
20 = 1 111111111111111 

* C P 1 Port 1 is set to "0" (even parity) 

* C P 2 Port 2 is set to "0" 

* G ^ Start of emulation from address OH 

EMULATION BEGUN" 

PC=OOA TERMINATED P0=FF P1=00 P2=00 T0=1 Tl=l XP=FF AC=00 R0= 

R 1 =C A ^ Port 2 is correct In respect to even parity 

» CP 1 1 — Port 1 is set to "1" (odd parity) 

*SDF -AL PI P2 AC Dump format is changed 

* G Start of emulation from address OH 

EMULATION BEGUN 

PC=OOA TERMINATED pi=oi P2=09 AC=09 — Port 2 is not correct in respect to odd parity 

* CP 1 3 — Port 1 is set to "3" (even parity) 

* C P 2 Port 2 is set to "0" 

* G Start of emulation from address OH 

EMULATION BEGUN 
PC=OOA TERMINAT 

* C P 1 4 — -— — Port 1 is set to "4" (odd parity) 

* C P 2 Port 2 is set to "0" 

* G Start of emulation from address OH 
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BMULATIOM BEGUN 

pC=OOA TERMINATED Pl=0 4 P2=0C AC=OC — Port 2 is not correct in respect to odd parity 

*DTM -10 10 Trace contents of the last ten cycles are displayed 

PC=015 RET PO=FF Pl=04 P2=00 T0=1 Tl=l IN=1 XP=FF TP=0058 

PC=005 JNC 09 PO=FF Pl = 04 P2-=00 T0=1 Tl = l IN=1 XP=FF TP=0060 

POSSIBLE INTERRUPT SEE APPENDIX3 

PC=007 ORL A, #08 PO=FF Pl=04 P2=00 T0=1 Tl=l IN=1 XP=FF TP=0062 

PC=009 OUTL P2,A P0=FF Pl=04 P2=0C T0=1 Tl=l IN=1 XP=FF TP=0064 

PC=OOA JMP OOA P0=FF P1^04 P2=0C T0=1 Tl = l IN=1 XP=FF TP=0066 

♦EBP 5 The break point bit at address 5H is set to "1 " 

*CP2 Port 2 is set to "0" 

*G Start of emulation from address OH 

EMULATION BEGUN 

P0=007 TERMINATED Pl=04 ,P2=00 AC=04 

* S T P 5 Five steps (instructions) are executed 

PC = 007 ORL A. #08 Pl = 04 P2 = 00 AC=0O 

PC=009 OUTL P2,A Pl=04 P2=0C AC=OC 

PG=OOA JMP OOA Pl=04 P2=0C AC=OC 

PC=OOA JMP OOA Pl=04 P2=0C AC=0C 

PC=OOA JMP OOA Pl=04 P2=0C AC=OC 

* DOM F — Code memory location contents from address OH thru FH are displayed 

000=09 53 7F 14 OC E6 09 43 08 3A 04 OA BA 08 97 12 

* COM 8 8 Code memory location contents at address 8H are changed to "80H" 

* DOM F ' Code memory location contents from address OH thru FH are displayed 

000=09 53 7F 14 OC E6 09 43 80 3A 04 OA BA 08 97 12 

* R B P 5 — The break point bit at address 5H is set to "0" (reset) 

* CP 1 1 Port 1 is set to "1 " (execution of odd parity again) 

*CP2 

*G 

EMULATION BEGUN 

PC=OOA TERMINATED Pl=01 P2=81 AG=81 — 

* C P 1 7 F Port 1 is set to "7F" (execution of odd parity again) 

*CP2 

*G 

EMULATION BEGUN 

PC=OOA TERMINATED Pi=7F P2=FF AC=FF — Port 2 is correct in respect to Odd parity 

* S Av IF P R T Y 1— Program with file name of "PRTY1 .HEX" is stored 

F F F F F Code memory is filled with FFH 

F F F — — EPROM is inserted into an EPROM socket and a blank check is 

executed 

PRTY 1 Program with file name of "PRTY.HEX" is transferred to code memory 

IF Transferred contents are written in the EPROM 

1 F EPROM contents are compared with code memory contents 

■ No error message (EPROM and code memory contents are identical) 

' Return to QPIW^^ control 




*FGM 


*VPR 


*LOA 


*PPR 


*VPR 


* TO - 
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LIST OF DEBUGGING COMMANDS 



Characters which can 


be used 


AaBbCcDdEeFfGgHhIiJjKkLIMmNnOoPpQqRrSsTtUuVvWwXxYyZz 1 234567890.,® + - 


Cntl/C Cntl/P Cntl/Q Cntl/R Cntl/T Escape Space 


Display Commands 


1. DAC 


Display Accumulator 


2. DBP,000[,FFF] 


Display Breakpoint Bltjs) Status 


3. DBS 


Display Break Status 


4. DOG 


Display Cycle Counter 


5. DCE,000[,FFF] 


Display Cycle Counter Enable Bit(s) Status 


6. DOM, 000 [,FFF] 


Display Code Memory 


7. DDM,00[,7F] 


Display Data Memory 


8. DIE,000[,FFF] 


Display Instruction Executed Bit(s) Status 


9. DPO 


Display Porto (Bus Port) 


10. DP1 


Display Port 1 


11. DP2 


Display Port 2 


12. DPO 


Display Program Counter 


13. DPS 


Display Program Status Word, Test 0, Test 1 , Interrupt Pin 


14. DRG 


Display Registers RO thru R7 


15. DSK 


Display Stack 


16. DSO. 000 [,FFF] 


Display Sync Output Bit Memory 


17. DTI 


Display Timer 


18. DTM,XXX,YYYY 


Move Trace Pointer (XXXX) and display Trace Memory (YYYY) 


19. DTP 


Display Trace Pointer 


20. DTR, 000 [,FFF] 


Display Trace Enable Bit(s) Status 


21. DVD 


Display Vdd Pin 


22. DXM,00[,FF] 


Display External Memory 


23. DXP 


Display External Probe Byte, Probe Mask and Probe Compare Register 


Change Commands 


1. CAC.FF 

2. 000,77777777 


Change Accumulator 


Change Cycle Counterr {J7777777 is a positive or negative decimal number) 


3. CGM, FFF, FF 


Change Code Memory 


4. GDM,7F,FF 


Change Data Memory 


5. CPO, FF 


Change Port (Bus Port) 


6. GP1,FF 


Change Port 1 


7. CP2,FF 


Change Port 2 


8. CPC, FFF 


Change Program Counter 


9. CPM,BBBBBBBB 


Change Probe Mask (BBBBBBBB is a binary number) 


10. CPR, BBBBBBBB 


Change Probe Compare Register (BBBBBBBB is a binary number) 


11. CPS,FF 


Change Program Status Word 


12. Cfl,FF 


Change Timer 


13. CXM, FF, FF 


Change External Memory 


Fill Commands 


1. FGM, 000, FFF, FF 


Fill Code Memory 


2. FDM, 00, 7F, FF 


Fill Data Memory 


3. FXM,00,FF,FF 


Fill External Memory 


Enable Commands 


1. EBP, 000 [,FFF] 


Enable Breakpoint Bit(s) 


2. ECE, 000 [,FFF] 


Enable Cycle Counter Bit(s) 


3. ESQ, 000 [,FFF] 


Enable Sync Output Bit(s) 


4. ETR, 000 [,FFF] 


Enable Trace Bit(s) 
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Reset Commands 


1. RBP,000[,FFF] 


Reset Breakpoint Bit(s) 


2. RCE,000[,FFF] 


Reset Cycle Counter Enable Bit(s) 


3. RIE,000[,FFF] 


Reset Instruction Executed Bit(s) 


4. RSO,000[,FFF] 


Reset Sync Output Bit(s) 


5. RTR, 0000 [.FFF] 


Reset Trace Enable Bit(s) 


6. RES 


Reinitialize MPB800 System 


Utility & Disk Input/Output Commands 


1. CUB, FFF, FF 


Change Utility Buffer 


2. DUB, 000 [.FFF] 


Display Utility Buffer 


3. FUB, 000, FFF, FF 


Fill Utility Buffer 


4. TCM, 000, FFF 


Transfer Code Memory into Utility Buffer 


5. TUB, 000, FFF 


Transfer Utility Buffer into Code Memory 


6. TST 


Test 


7. LOA, filename 


Load Program into Code Memory 


8. LDU, Filename 


Load Program into Utility Buffer 


9. SAV, 000, FFF, filename 


Save Code Memory Program 


10. SVU, 000, FFF, filename 


Save Utility Buffer Program 


EPROI^ Writer Commands 


1. PPR, 000, FFF, FF 


Pogram Code Memory onto EPROM 


2. VPR, 000, FFF, FF 


Verify EPROM with Code Memory 


3. TPR, 000, FFF 


Transfer EPROM into Code Memory 


Emulation Commands 


1. G[,HHH] 


Begin real time emulation. HHH is the start address (hex). 


2. STP [,EEEE] [,HHH] 


Step emulation, where EEEE is the decimal number of instruction to execute, 




and HHH is the start address (hex). 


3. SBC, mnemonic 


Set/Reset Break Control Bit 


[, mnemonic] 




4. SDF, mnemonic 


Set/Reset Dump Format 


[,mnemonic] 




Command Line Editing & Keyboard Operation 


1. Rubout 


Delete the last character entered 


2. Cntl/C 


Return to CP/M 


3. Cntl/P 


Copy all subsequent console output to the currently assigned list device. 




Output is sent to both the list device untill the next Cnt/P is typed. 


4. Cntl/Q 


Continue normal display 


5. Cntl/R 


Echoe current input line 


6. Cntl/S 


Stop display 


7. Escape 


Abort any command Inprogress 


8. @ 


Repeat last command 
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EASE80C49 8-BIT 1-CHIP MICROCONTROLLER 
PROGRAM DEVELOPMENT SUPPORT SYSTEM 



Category 


Model 


Title 


Hardware 


MPB800 


8-bit 1-chlp microcontroller evaluation board 


Software 


EASE-49 


Floppy disk based emulator* 


ASM-49 


Floppy disk based assembler* 


Manual 


TM-800 


Program Development Support System-User's Manual 


Accessories 


TCU-800 


User application system connecting cables 


TCS-& 


Host CP/MC^) computer connecting cables (for if800 model 20/30) 


TCP-8 


Power supply cables (+5V,3.5A) (+12V. 0.2A) (-12V,0.2A) 


TCX-1 


External probe emulation purposes 




* Available under following operating system 

• CP/M-80{ver 2.0 or later) 

• MS-DOS (ver 1 .25, ver 2.11) 

• PC-DOS (ver 1 .25, ver 2.1 1 ) 
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EASE80C51mkil PROGRAM DEVELOPMENT SYSTEM 

for 
MSM83C154/80C51 CMOS 8-BIT, 1-CHIP MICROCONTROLLER 



EASE80C51mkll PROGRAM DEVELOPMENT SYSTEM 

The EASE80C51mkll Program Development System is a high-performance dedicated system 
featuring OKI's exclusive technology, and which has been specifically designed for rapid and efficient 
program development of the OKI MSM83C1 54/80C51 8-bit single-chip microcontroller. 



SYSTEM CONFIGURATION 

The EASE80C51mkll Program Development 
System consists of the EASE80C51 Emulator (a 
high performance program emulator which in- 
cludes the EASE Host Monitor, the EASE8051 m- 
kll Emulation Kit, and the host CP/M® or 
PC-DOS computer) and the ASM51 Assembler 
(a powerful assembler operated in CP/M® or 
PC-DOS. With the EASE80C51mkll Emulation 
Kit connected online to the host CP/M computer 
(such as the if800) equipped with an RS232C 
interface, the system covers all operations from 
assembly of the source program through to 
program evaluation and debugging. 

HOST COMPUTER REQUIREMENTS 

1 . Operating system is one of the follows. 
(1 ) CP/M®-80 (ver 2.0 or later) 

memory capacity of the host computer 



must be sufficient to run at least 52K 
CP/M. 

(2) MS-DOS® (ver 1 .25, ver2.1 1 ) 

(3) PC-DOS® (ver 1 .25, ver2.1 1 ) 

2. At least one RS232C communication port is 
implemented. 

3. Data transfer is performed through RS232C 
communication port using BDOS function 
call 6 on condition that console device is 
assigned to TTY:. 

EMULATOR DATA TRANSFER 

ICs used 

• Communication interface MSM82C51A 

• Driver/receiver SN75188N, 

SN75189N 
Transmission format 

• 300 to 1 9200 bps (Switchable) 

• 8 bits, 2 stop bits, non-parity 

• Asynchronous 
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Fig. 1 System configuration 



Note 1 . CP/M is a registered trademark of Digital Research Inc. (U.S.A.) 

2. The AC power supply can be switched to 90-1 32V and 1 80V-264V at a terminal inside the emulation kit. 

3. PC-DOS stands for IBM personal computer DOS. 



D 
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ASM51 ASSEMBLER 



The ASM51 is a floppy disk based high-performance assembler. 

This assembler is used to translate source files generated on disk by using an editor (available on the market), 
thereby generating object files (Intel HEX format), assemble list files, cross-reference list files, and symbol list 
files in the specified devices. 



OUTPUT FILES 

1. Object files (Intel HEX format) 

2. Assembly list files 

3. Cross-reference list files 

4. Symbolic list files 

FEATURES 

1 . Free descriptive format source files 

2. Capacity to describe up to ten types of operators 
in the source program operand column 

3. Ability to specify the number of characters per line 
and the number of lines per page in assemble list 
files 

4. 24 powerful pseudo-instructions 

5. Control of assemble list file outputs by LIST or 
NOLIST pseudo-instruction 

6. Output file and output device can be specified 
when the assembler is started. 



ASM51 ASSEMBLER FUNCTIONAL 
BLOCK DIAGRAM 

Source file 



PART OF PSEUDO-INSTRUCTIONS LIST 



ASM51 




1 


f 










^ 




^ 


Object file 




^> 



Assembly list files 
Symbol list files 
Cross-reference 
list files 



Pseudo-instructions 


Function 


EQU 


Assignment of operand value 
to name 


SET 


Same as EQU pseudo- 
instruction, but with 
redefinition capacity 


ORG 


Setting of program start 
address 


END 


Indication of end of program 


JMP 


Automatic change to relative, 
internal 2K page, or all pages 
jump instruction after checking 
branch destination 


CALL 


Automatic chang to relative, 
internal 2K page, or all pages 
call instruction after checking 
branch destination 


RADIX 


Radix changed to 2, 8, 1 0, or 
1 6 depending on value of 
operand 


DB 


8-bit data or ASCII character 
definition 


DW 


1 6- bit data definition 


DS 


Reserves memory area for 
specified number of bytes 


NSE 


Setting of in the 4 lower 
order bits of the assembler 
location counter, and addition 
of 16. The NOP instruction is 
assigned to blank areas 
where no machine language 
instruction has been assigned. 


DATE 


Insertion of date in assemble 
list title 


EJECT 


Assemble list page feed 
operation 


TITLE 


Insertion of assemble list title 


LIST 


Designation of assemble list 
output 


NOLIS 


Zuhibition of assemble list 
output 
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EASE80C51mkll EMULATOR 

Connected to the host computer via an RSS232C interface, the EASE80C51 ml<ll Emulator supports a 
wide range of development debugging operations efficiently and effectively. 

MSM83C1 54/80C51 application programs can be debugged without user application circuits just as 
easily as completed systems. 



FEATURES 

1. Real-time emulation ^ 

Real-time emulation without insertion of a wait 
state is possible because of the MSM83C154E 
evachip. 

2. Execution time measurement 

The user program execution time can be mea- 
sured with the cycle counter in the Emulation Kit. 
(Max. 4,294,836,225 cycles) 
This cycle counter start/stop is effected accord- 
ing to the cycle counter start address/stop ad- 
dress set by the command. 

3. Mass storage user program area 

This emulator provides a 64K-byte RAM area, 
(which Is the entire address space of 
MSM83C154/80C61) as the code memory 
(user program area). So, the largest program for 
MSM83C154/80C51 can be fully loaded in this 
RAM area. 

It is also possible to assign 4K-byte units of program 
memory area to the RAM area on the emulation kit or 
the ROM on the user's application circuit by using 
the mapping command. 

This emulator further provides the EPROM pro- 
grammer to enable the user program area con- 
tents to be written to the EPROM or the EPROM 
contents to be read. 

(EPROMs supported: Intel 2732, 2732A, 2764 
or 271 28 or equivalent:) 

4. Ample break functions 

The emulator can suspend (break) program exe- 
cution by any of the following break conditions. 
All conditions can be set and cancelled as 
desired. 

a) Breakpoint break 

Br^ak upon execution of the address where a 
break point has been set. (Any address to be 
specified.) 

b) Address break 

Break execution of the address specified 
when the emulation command input was ap- 
plied. It is also possible to specify a break 
after the specified address has been execut- 
ed n times. 

c) Power down break 

Break occured when evachip going to the 
power down mode. 

d) Break by external forced break signal 
Break by input of low level break signal from 
outside via the attached probe cable. 



e) Break by trace memory overflow 

Break occurs when the trace memory Is filled 
up with trace data. 

f) Break by cycle counter overflow 

g) Break by internal RAM/SFR area contents 
Break occurs when the contents of the speci- 
fied RAM/SFR in the MSM83C154E matched 
with the specified contents the specified 
number of times upon execution of the pro- 
gram at the specified address. 

5. Comprehensive real-time trace functions 

This emulator has the following two real time 
trace areas not affecting the execution time. 
1 . Trace memory 

This Is the memory to trace (store) the status of 
the ports, carry flag and accumulator of the 
MSM83C154E when an instruction in the pro- 
gram memory area is executed. (Up to 2048 ma- 
chine cycles) 

Tracing Is instructed in three ways as shown 
below. 

a) To start tracing each time the specified ad- 
dress is executed. 

To start tracing upon execution of a special 
instruction (ACALL, AJMP, LCALL, LJMP, 
RET, RETI, PUSH or POP) 
To cause tracing by trace start/stop bit 
Flash trace memory 
The memory to trace status of the whole internal 
RAM or SFR area in the MSM83G154E, when 
the Instruction at the address specified by the 
emulator command (debug command) being 
executed. 

The contents of the internal RAM or SFR area 
can be stored up to 1 6 times in this memory. 

6. Easy-to-use emulator commands 

The emulator command (debug command) of 
this emulator consists of the command mnemon- 
ic and succeeding parameter(s) (address or 
mnemonic). 
Command mnemonic structure 

a) First letter 

Represents the function to be performed by 
the emulator. 

b) Second letter and on 

Represent MSM83C154E evachip (or EA- 
SE80C51 mkll emulation kit) register, memory, or 
port name. 



b) 



c) 
2. 
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Example: 

*DDM 



a b 



1F^ 

I M 

d e f 



a: Indication of waiting for command input from 

emulator 
b: Instruction of displaying contents of specified 

object 
c: Instruction of data memory (equivalent to internal 

RAM area in MSM83C1 54E) 
d: Start address of contents to be displayed 
e: End address of contents to be displayed 
f : Carriage return indicating end of command input 

This emulator provides various emulator com- 
mands not only for display/modification of the 
contents of each register and port of the special 
evaluation chip MSM83C154E but also for 
efficient debugging operation. 

Input format: 

STP number-of-instructlons start-address 

Inputting the above command causes the user 
program to be executed for as much as the 
specified number of Instructions from the 
specified addresses (start address). 
It is possible to modify the display format to be 
easier to read by specifying the object of 
contents display by the SSF command. 

Input format: 

G start-address, parameter 
Parameter input format 

(1) Break-address, . . . , break-address 

(2) Break-address (n) 

(3) Break-address RAM ram-address (byte-n) 

(4) Break-address sfr-mnemonic (byte-n) 

Inputting the command as shown in (1) causes the 
user program to be executed from the specified ad- 
dress (start address), and breaks the program execu- 
tion upon execution of any of the specified break ad- 
dresses. 

Inputting the command as shown in (2) causes the 
user program to be executed from the specified start 
address, and breaks the program execution when it 
has passed the specified break address in times. 
Inputting the command, as shown in (3), causes the 
program to be executed from the specified address 
(start address). When the user program at the 
specified break address is executed, the contents of 
the specified address (ram address) of the internal 
RAM in the MSM83C154E are compared with 
the specified contents (byte) and the program ex- 
ecution is broken If they agree the specified 
numberof times (n). 

Inputting the command, as shown in (4), causes the 
user program to be executed from the specified ad- 
dress (start address). When the user program at the 
specified break address Is executed, the contents of 
the specified SFR in the MSM83C154E are 



checked. If the contents agree with the specified 
value (byte) the specified number of times (n), 
breaking occurs. 

Input format: 

(1) LOD filename 

(2) SAV filename start-address end-address 

(3) VER filename start-address end-address 

Inputting the command, as shown in (1), enables the 
contents (user program) of the specified file on 
the host computer to be loaded into the code 
memory on the EASE80C51mkll emulation kit 
corresponding to the program memory area 
(user program area) of the MSM83C1 54/80C51 . 
Inputting the command, as shown in (2), enables the 
block of code in the specified range of the code 
memory to be saved using the specified file name. 
Inputting the command, as shown in (3), enables the 
block of code in the specified file to be compared with 
the block of code in the code memory. 

Input format: 

(1) Dl AG filename 

(2) M 

(3) @ 

Inputting the command, as shown in (1), enables the 
command in the specified file to be executed auto- 
matically. Use of the PAUSE command in combina- 
tion enables execution of the command In the file to 
be suspended temporarily. 
Inputting the command, as shown in (2), enables the 
command line defined by the MAC command to be 
executed. 

Inputting the command, as shown in (3), enables the 
last command to be executed again. 

Input format: 

(1) LIST filename 

(2) NLST 

If LIST command is entered, the emulator create 
the CP/M file on the host computer and writes 
into it any characters which are output to the 
console until entering the NLST command. 
Use of the above "DIAG" command in combination 
enable the debugging work to be executed and stored 
in the file automatically. 

Input format: 

S tm-mnemonic data number 

Using the S command, you can search out the trace 
information in the trace memory. 
Where the "tm-mnemonic" is the element of the 
trace information in the trace memory that you 
wish to search, and "data" is a value of that 
element, "number" is the time of an agreement. 
For example, Entering "S" PO 2 3", the emulator 
searches through the trace memory from the top 
and finds the position where the trace PO data is 
equal to 2, three times, and displays the trace 
information at that position. 
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DISK ACCESS COMMANDS 


1. 


LOD [dr:] filename 


Load Program into Code Memory 


2. 


SAV [dr:] filename [address adress] 


Save Code Memory Program 


3. 


VER [dr:] filename [address adress] 


Verify File with Code Memory 


4. 


DIAG [dr:] filename 


Execute command file 


5. 


LIST [dr:] filename 


List console Output into Disk file 


6. 


NLST 


End listing 


7. 


HELP 


Display HELP File 


8. 


FDD dr:...dr: 


Set Disk Drive 


EPROM PROGRAMMER COMMANDS 


1. 


PPR address address [address] 


Program Code Memory into EPROM 


2. 


TPR address address [address] 


Transfer EPROM into Code Memory 


3. 


VPR address address [address] 


Verify EPROM with Code Memory 


4. 


TYPE mnemonic 


Set EPROM type 


ASSEMBLE COMMANDS 


1. 


ASM address 


Assemble to Code Memory 


2. 


DASM address 


Disassemble to Console 


3. 


DBLK address [address] 


Display Block Memory 


4. 


SPB address [address] 


Set Program Block 


5. 


SDB address [address] 


Set Data Block 


TRACE COMMANDS 


1. 


DTM-number number 


Display Trace Memory 


2. 


DFTM number number 


Display Flash Trace Memory 


3. 


DTG 


Display Trigger Mode 


4. 


DFA 


Display Flash Trace address 


5. 


S mnemonic data number 


Search Trace Memory data 


6. 


SFF mnemonic 


Set Flash Trace Display format ' 


7. 


STG mnemonic 


Set Trigger Mode 


8. 


SFA address [... address] 


Set Flash Trace address 


9. 


RFA address [... address] 


Reset Flash Trace address 


10. 


RTG 


Reset Trigger Mode 


EMULATION COMMANDS 


1. 


STP number [number] 




2. 


G[st-address] [.break-parameter] 






If the optional st-address if given, emulator 


will begin emulation from st-address. 




And if optional break-parameter is given. 






emulation will break on the first break-parameter to be satisfied. 




break-parameter = break-address 


break-address (max. 1 0) 




break-address (pass count) 




break-address RAM ram-address (byte-pass count) 




break-address sfr-r 


Tinemonic (byte-pass count) 


3. 


SSF (+/-) mnemonic [...(+/-) mnemonic] 






Set STP Command Display format 


DISPLAY COMMANDS 


1. 


D 


Display Register Flag Port 


2. 


Dsfr-mnemonic 


Display sfr-mnemonic data 


3. 


DSFR mnemonic [...mnemonic] 


Display mnemonic data 


4. 


DPC 


Display Program Counter 


5. 


DREG 


Display all Register Bank 


6. 


DSBUF 


Display receiver data 
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CHANGE COMMANDS 


, 1 . Csfr-mnemonic data 


Change sfr-mnemonic 


2. CSFR [mnemonic. .mnemonic] 


Change SFR 


3. CPCdata 


Change Program Cou nter 


4. CREG data 


Change Register bank 


5. CSBUFdata 


Change Transmitter data 


CODE MEMORY & DATA MEMORY COMMANDS 


1 . DCM address [address] 


Display Code Memory 


2. DDM address [address] 


Display Data Memory 


3. DXDM address [address] 


Display External Data Memory 


4. CCM address 


Change Code Memory 


5. CDM address 


Change Data Memory 


6. CXDM address 


Change External Data Memory 


7. FCM address address byte 


Fill Code Memory with byte 


8. RDM address address byte 


Fill Data Memory with byte 


9. FXDM address address byte 


Fill External Data Memory with byte 


ATTRIBUTE MEMORY COMMANDS 


1 . DBP address [address] 


Display Break Point Bit Memory 


2. DTR address [address] 


Display Trace Enable Bit Memory 


3. DSO address [address] 


Display Sync Output Enable Bit Memory 


4. DIE address [address] 


Display Instruction Executed Bit Memory 


5. EBP address ... address 


Enable Brak Point Bit 


6. ETR address ... address 


Enable Trace Enable Bit 


7. ESO address ...address 


Enable Sync Output Enable Bit 


8. FPB address address byte 


Fill Break Point Bit Memory with byte 


9. FTR address address byte 


Fill Trace Enable Bit Memory with byte 


1 0. FSO address address byte 


Fill Sync Output Enable Bit Memory with byte 


11. RBF\address... address 


Reset Break Point Bit 


1 2. RTR address ... address 


Reset Trace Enable Bit 


13. RSO address ...address 


Reset Sync Output Enable Bit 


14. RIE 


Reset Instruction Executed Bit Memory 


BUFFER MEMORY COMMANDS 


1 . DBUF 


Display Buffer Memory 


2. TBUF 


Transfer Data Memory & SFR Data into Buffer Memory 


3. LBUF 


Load Buffer Memory into Data Memory & SFR 


CYCLE COUNTER COMMANDS 


1. DCC 


Display Cycle Counter 


2. CCCdata 


Change Cycle Counter 


3. TIME data 


Set 1 cycle time 


BREAK CONDITION & STATUS COMMANDS 


1. DBC 


Display Break Condition 


2. DBS 


Display Break Status 


3. SBC {+/-) mnemonic. (+/-) mnemonic 


Set Break 


OTHER COMMANDS 


1. RES 


EASE80C51 mKII System initialization 


2. RESE 


MSM83C1 54E Evachip reset 


3. SIOForH 


Set Emulator to I/O terminal mode 


4. PAUSE 


Stop command file execution and wait key-in 


5. EXIT 


Return Host computer's OS 


6. DIR[dr:] 


Display file directory 


7. MAP [address] 


Mapping 


8. MAC 


Define command execution 


9. M 


Execute Defined command 


10. @ 


Repeat front command 


11. M80C51 


Set Emulator to the MSM80C51 checking mode 


12. M83C154 


Set Emulator to the MSM83C1 54 checking mode 
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EASE80C51mkll PROGRAM DEVELOPMENT SUPPORT SYSTEM 

for the MSM83C154/80C51 CMOS 8-BIT 1 -CHIP MICROCONTROLLER 



Clock select switch 



Crystal oscillator . 
connector 




^ 



Reset switch 

\ 



\ 



EPROM programmer 



RS232C 
connector 




. Probe cable 
connector 



_ User cable 
connector 



300 (W) X 105 (D) X 210 (H) mm 




Category 


Model name 


Component name 


Hardware 


EASE80C51mkll 
Emulation kit 


Emulation kit for MSM83C1 64/80C51 


Software 


EASE 
ASM 51 


/ . 
Host mon itor for floppy d Isk based (Note 2) ' 
Assembler for floppy disk based (Note 2) 


Manuals 


TM-80C51 
AM-80C51 


EASE80C51 mkll Emulator User's Manual 
ASM51 Assembler User's Manual 


Accesories 


TCU-80C51 
TCS-n 
TCP-2 
TCX-2 


User application circuit connection cable 
Host computer connection cable (3) (Note 3) 
AC power supply cable 
Emulation probe cable 



Note1. Refer to the ASM51 Assembler User's Manual for assembler details. 

Note 2. PCDOS 51/4 floppy disl<, PC format, double-side double-density (8 sectors x 40 tracks x 2) 
PC DOS stands for IBM personal computer DOS. 

CP/M-80 8-Inch floppy disk, IBM3740 soft-sectored format, single-side single-density. 
CP/M-80 is the registered trademark of Digital Research Co. 

Note 3. Two cables are used for connecting the ifSOO or equivalent computer to the EASE80C51 mkll 
Emulation Kit-one to the CHI port, and the other to the CH2 port. (Model name, TCS-2) 
The third cable is for connection of an IBM PC or equivalent computer to the EASE80C51 mkll 
Emulation Kit. This calbe is connected to the CHI port. (Model name, TSC-3). 
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OPTIONAL SOFTWV^RE 



Name 


OS 




Supplied software 


CP/M-80 


MS-DOS 


PC-DOS 


VMS 


UNIX 


PASM 


O 


O 


o 






Pre-Processor 


MAC 51 


O 


o 


o 






Macro- Assembler 


RL51 


O 


o 


o 






Linker 


LiB51 


O 


o 


o 






Librarian 


SI051 


* 


o 


o 






Symbolic Debugger 


OBJHEX 


* 


o 


o 






Object Converter 



•Being developed 



OPTIONAL HARDWARE 



Type 



Remarks 



EASES 



Handy I/O terminal 

EASES can be used as a terminal unit for the EASE80C51 mkll Emulation Kit. 

(Convenient portable model) 
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MAC51 SUPPORT SOFTWARE PACKAQE 

for the 
MSM80C51 CMOS 8-BIT MICROCONTROLLER 




FEATURES 

1 . Symbolic relocatable assembly language pro- 
gramming for 80C51 /1 54 microcontrollers 

2. Produces Relocatable Object Code which is 
linkable to other 8051 Object Modules 

3. Encourages modular program design for 
maintainability and reliability 

4. Macro Assembler features conditional as- 
sembly and macro capabilities 

MAC51 SUPPORT SOFTWARE PACKAGE 

The following MAC51 programs are available 
to develop user programs. 

PASM Pre- processor 

PASM Is used to expand macro calls, 
conditional assembly statements, and INCLUDE 
statements included in user generated source 
programs, thereby generating expanded source 
programs. A number of items of development 
information are inserted in these developed 
source programs for MAC51 . 

MACS1 Assembler 

MAC51 converts source programs into 
relocatable codes to form relocatable object files 
(OBJ files). Print, symbol, cross reference, and 
error files are generated as assembly 
information. 



LI B51 Librarian 

The LIB51 program manages OBJ files for 
each module. Files consisting of a number of 
relocatable object modules (OBJ modules) 
generated by LIB51 are called the object library. 
LIB51 handles object library generation, and 
OBJ rhodule addition, deletion, and upgrading. 

RL51 Linker 

RL51 links and relocates one or more OBJ 
modules to generate one absolute object 
module. RL51 also generates a list file 
consisting of symbol table and link map as link 
information. OBJ modules which serve as the 
RL51 input can be OBJ files generated by 
MAC51, and OBJ modules located within the 
object library generated by LIB51 . 

SID51 Symbolic debugger 

SID51 Is used when a symbol using 
debugger is selected. Absolute object files are 
converted to Intellec HEX format files. 

Outline of Program Development 

The procedures involved in the processing 
from source program generation through ROM 
loading are described below in the sequence 
indicated In Figure 1-1. For further details of 
individual utilities, refer to the respective 
manuals. 
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1. Generation of MAC51 assembly language 
source program by the editor. 

Source programs can contain basic and 
pseudo instructions, and assembler control, 
macro call, conditional assembly, and 
INCLUDE statements. 

2. When macros are used, macro definitions are 
generated in macro library files (with MAC 
extension) by the editor. Macro call 
statements are described within source 
programs. 

3. Where macro call, conditional assembly 
statement, and INCLUDE statement 
descriptions are included in a source 
program, there are expanded by PASM to 
form an expanded source program. 



4. Source programs or expanded source 
programs are assembled by MAC51 to form 
relocatable object files. 

5. A group of relocatable object files can be 
managed by LIB51 together in a relocatable 
object library files (LIB extension). When 
required, object modules can be called from 
this object library by RL51 . 

6. Relocatable object file^ are converted to 
absolute object files by RL51. At this stage, 
one or more relocatable object files can be 
linked to relocatable object modules in the 
library file. 

7. ABS modules are converted by SID51 or 
OBJHEX to Intellec HEX format files. With 
EASE80C6lmkll, HEX file contents can be 
written Into EPROM devices . 





Fig. 1 -1 Program development flow 
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